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PREFACE.  '' 

After  many  months  of  preparation,  the  Electricians'  Handy 
Book  is  finished  and  given  to  the  reader.  The  work  of  covering 
the  whole  immense  field  of  electrical  engineering  from  early 
days  to  the  present  time  would  certainly  be  an  endless  one;  the 
work  of  writing  the  present  book  has  been  lightened  by  the  fact 
that  the  progress  of  electrical  science  in  its  practical  aspect  has 
been  In  the  direction  of  the  survival  of  the  fittest.  This  ten- 
dency has  had  the  effect  of  removing  from  the  field  of  engineering 
many  most  ingenious  devices,  whose  consignment  to  oblivion 
might  be  a  subject  for  regret.  But  this  disappearance  of  the 
old  makes  the  amount  to  be  described  and  learned  less,  and  there- 
by lightens  the  labor  of  author  and  student. 

It  is  fair  to  say  that  the  development  of  electrical  engineering 
is  largely  in  the  direction  of  simplification.  In  early  days  re- 
sults inferior  to  those  attained  in  the  present  era  were  secured 
by  the  use  of  apparatus  more  elaborate  than  that  which  is  now 
employed.  The  evils  of  complication  have  long  been  recognized, 
and  the  trend  of  invention  has  been  to  avoid  it.  One  of  the  earliest 
objects  of  the  inventor  was  the  production  of  an  arc  lamp  with- 
out mechanism;  the  results  of  these  efforts  have  completely  dis- 
appeared from  view,  and  the  greatly  simplified  arc  lamps  of  the 
present  day  are  their  successors. 

The  same  history  can  be  traced  for  other  branches  of  the 
science.  Quantities  of  the  most  ingenious  inventions  are  no 
longer  in  use,  simpler  machinery  has  taken  their  places.  For  elec- 
trical engineering  is  nothing  if  not  practical,  and  sentiment  has 
no  part  in  dictating  what  shall  survive  and  what  shall  be  for- 
;otten. 

Something  remains  to  be  done  in  the  elucidaUon  ot  \}Si^  ^[J£v^Qt^ . 
Tie  very  name  of  the  science  has  never  been  a^ec^w^XeVs    ^^ 
ed,  aJtbougb  the  working  theory  has  been  de\e\o^e^  \.o  ^  V^^ 
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degree  of  perfection.  The  greater  general  fainiliarity  with  the 
mere  names  of  things  electrical  makes  the  subject  seem  less  mys- 
terious than  formerly,  when  the  words  "ampere,"  "volt,**  and 
^  the  like  were  rarely  heard  outside  of  a  college.  This  should  not 
induce  the  student  to  feel  that  his  path  is  any  shorter  than  was 
that  of  his  predecessors.  It  is  if  anything  a  much  longer  one, 
made  a  little  easier  by  the  fact  that  it  is  now  a  better-marked 
one.  But  he  has  more  to  learn  than  had  his  predecessors,  and  it 
must  be  more  exactly  learned.  The  modern  science  cannot  be 
trifled  with. 

This  book  is  sent  on  its  way  with  the  fullest  sense  of  the  diffi- 
culties involved  in  its  preparation.  It  is  hoped  that  it  will  meet 
with  a  favorable  reception.  In  its  writing  the  literature  of  the 
science  has  been  freely  used,  and  such  classics  of  engineering 
literature  as  Miller's  "American  Telephone  Practice,"  Crocker's 
"Electric  Lighting,"  Abbott's  "Electrical  Transmission  of  Energy," 
and  other  works  have  been  consulted  at  length.  The  author's 
thanks  are  also  due  to  the  General  Electric  Company,  the  Leeds  & 
Northrup  Company,  and  to  many  others  for  assistance  most  kindly 
rendered.  Any  suggestions  which  would  be  available  for  future 
editions  of  the  book  will  be  gladly  received  from  readers. 

May,  1905.  THE  AUTHOR. 
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CHAPTER    I. 

MATHBlVtATICS. 

Electrical  Calculations. — Electrical  engineering  involves  in 
its  practice  much  calculation.  In  the  development  of  the  theory 
of  the  science,  the  higher  mathematics  are  employed;  but  in  the 
more  practical  work  of  the  science,  and  even  in  the  study  of  its 
elementary  theory,  a  slight  knowledge  of  algebra  and  arithmetjc 
is  suflBcient.  Algebra  is  often  regarded  with  dread,  but  if  it  is 
realized  that  algebra  saves  time  and  trouble  and  is  easier  than 
arithmetic  in  many  cases,  and  that  it  provides  a  short  road 
where  arithmetic  supplies  a  long  one,  it  will  be  more  favorably 
regarded. 

The  object  of  such  a  book  as  the  present  is  not  to  teach  arith- 
metic or  algebra.    The  reader  will  find  some  points  noted  under 
both  heads  which  may  be  of  interest.    But  in  algebra  the  "four 
first  rules,"  as  they  are  called,  addition,  subtraction,  multiplica- 
tion, and  division,  and  the  transformations  of  simple  equations, 
and  something  of  the  theory  of  exponents,  should  be  learned. 
Ohm's  law  is  awkward  for  one  to  work  with  who  is  totally  igno- 
rant of  algebra.  The  simple  rules  for  elementary  calculations  are 
expressed  in  algebra  far  more  concisely  than  in  words.   Ratio  and 
proportion,  the  old  "rule  of  three,"  given  in  geometries  as  well 
as  in  algebras  and  arithmetics,  is  of  value. 
Algebra.—The  word  ''algebra,'*  has  a  tendene^  lo  Vn^^Vc^  XXsa 
Jdea  of  dimculty  and   complication.     This    s\iOu\d   tlo\.  \i^  ^^ 
^Jffebra  Is  a  system  of  short  methods  ot  attaliiixi^  t^^uU^>  ^^ 
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can  be  used  extensively  and  to  great  advantage  in  electrical  work 

by  those  who  only  know  its  four  first  rules,  and  the  transformir 

tions  and  solution  of  simple  equations. 

The  first   law   of  electrical   science  that  the  student  has  to 

learn  is  Ohm*s  law.    This  law  states  that  current  strength  li 

equal  to  electromotive  force  divided  by  resistance.    This  may  be 

more  concisely  written  thus: 

^  Electromotive  force 

Current  strength  =  _______^_«^_^  , 

Resistance  • 

L^t  a  symbol  be  assigned  to  each  of  these  quantities.  Call 
current  strength,  I,  electromotive  force  E,  and  resistance  R; 
the  law  can  then  be  written  thus: 

E 
I  = 


K 

Three  letters  express  a  whole  line  or  more  of  print  The  last 
expression  is  an  algebraic  equation.  It  is  evident  tliat  by  using 
alfrebra  to  express  a  law  much  time  and  trouble  may  be  saved. 

A  quantity,  such  as  2  or  4.  or  it  may  be  s3rmbolized  as  A, 
^an  always  be  written  as  a  fraction,  without  affecting  its  value. 
Thus  these  three  quantities  can  be  written: 

2      4  A 

~    —  and  — 
11  1 

The  use  of  unity  as  the  denominator  does  not  change  their 
value.  If  the  transformations  of  algebra  are  applied  to  an 
equation  expressing  a  law.  the  extent  of  the  law  will  be  more 
niliy  grasiXHl  than  if  a  Knre  statement  of  it  is  taken.  The  divid- 
ing by  unity  is  often  useful.    Ohms  law  can  be  written  thus: 

I        E 

T  *~ir 

This  equal  ion  can  bo  road  as  a  proix^rtion  or  expression  in  the 
"r-.:>  of  three."  as  it  used  to  be  oallod.     It  would  read: 

I  :    1  : :   E  :   R 
TJ::s  rri-^poriion   states    that    \t    \\\e    cwtt^xv\  ^\t«ii^3dl  csKftKAa^ 
-~ -■•.»-.  :^e  eJerrromoTive  force  ii\ns\  oxoo^<\  \\v^  T^\^\aaRfe,*a.^'^ 
-^«=Tt=.-=e.     7/  ihe  proponion  is  to  V>e  \>.-T\uexi  ou\  a\  IvjXV 
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would  read:  the  current  strength  is  to  unity  as  the  electromotive 
force  is  to  the  resistance. 

To  keep  this  ratio  true  it  is  evident  that  if  we  multiply  I  by 
anything,  we  must  multiply  B  by  the  same,  or  divide  R  by  it. 
This  is  an  algebraic  discussion.  Translated  into  words,  it 
states  that  the  current  strength  in  a  circuit  can  be  increased  by 
increasing  the  electromotive  force  in  the  same  ratio  or  decreasing 
the  resistance  in  inverse  ratio. 

The  equation  is  subject  to  algebraic  transformations.  If  we 
preserve  the  unitary  divisor,  these  changes  can  be  pictured  in 
the  mind  by  imagining  a  diagonal  cross  to  be  placed  between 
the  two  members  of  the  equation;  any  quantity  can  be  trans- 
ferred along  the  line  pointing  to  it  from  one  end  to  the  other 
if  the  figure  1  is  put  in  its  place.  Written  out  it  should  appear 
thus: 

I  .  B 


rX 


R 


R  can  join  I  as  a  multiplier;  I  can  join  R;  or  B  can  join  1. 
Any  quantity  deserting  its  place  leaves  unity  behind  it.  This 
gives  two  good  working  forms  of  the  equation,  in  the  first  of 
which  the  unitary  divisor  is  omitted: 

I       1 

R  I  =  E  and  —  =  — 
B  •     R 

Algebra  is  the  shorthand  of  arithmetic,  and  sonue  knowledge 
of  it  should  be  acquired. 
Direct  and  Inverse  Proportion. — ^The  expressions 

1 :  2  : :  5  :  10,   4  :  2  : :  1/3  :  1/6 

are  complete  proportions,  and  state  that  1  is  to  2  as  5  is  to  10,  and 
that  4  is  to  2  as  1/3  is  to  1/6.  The  first  one  states  that  1  and  2 
are  directly  proportional  to  5  and  10;  the  next  one  states  that  4 
and  2  are  inversely  proportional  to  3  and  6. 

An  inverse  proportion  is  written  out  exactly  on  l\ie  Wn^^  ol  ^ 
plain  direct  proportion,  except  that  the  reciprocals  ot  ou^  ^^Vt  ^1 
fnt^LTJ'l  ''^^^'    ^  "-^^^Procal  is  a  fraction  inverleeL,  ot  1^' 
intesrsj  numbers  may   be    described    as    unity    dWi^e^  \.7    ^> 
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number.    Either  pair  may  be  expressed  fractionally  in  an  inverse 
proportion.    The  two  following  are  identical  proporticms: 

A   '  a  71      15 

Percentage. — If  a  percentage  is  expressed;  it  must  be  written 

as  a  whole  number;  thus,  ten  per  cent  is  written  10%;  fifteen 

,|  per  cent  is  written  15%.    As  these  figures  denote  ten  or  fifteen 

I  for  every  hundred  of  the  original  quantity,  they  can  only  give 

!  ■  sL  result  as  multipliers  after  division  by  100.    The  division  by  100 

Ij  is  effected  by  putting  in  the  decimal  point;   to  divide  a  whole 

number  by  100,  the  decimal  point  is  placed  so  as  to  leave  two 

digits  to   its  right.     It  is   immaterial   whether  the  percentage 

figure,  the  original  amount,  or  the  result  be  thus  divided.    Thus, 

10  per  cent  of  175  may  be  calculated  in  three  ways 

1.75  175  175 

10  0.10  10 


I! 


I 


1 


17.50  17.50  17.50 

The  last  is  the  simplest  way;  the  second  is  the  best  way.  An 
improvement  in  scientific  nomenclature  would  be  to  abandon  the 
term  per  cent,  and  to  use  decimals  in  its  place,  as  ten  one- 
hundredths  or  fifteen  one-hundredths.  Ten  per  cent  would  then 
be  written,  not  thus:   10%;  but  thus:  0.1. 

This  system  lends  itself  to  the  reverse  operation.  Suppose  it 
is  asked  what  per  cent  of  175  26.25  is.  We  perform  the  division: 
26.25  -^  175  =  0.15.  Then  multiplying  0.15  by  100  we  get  15,  which 
is  our  percentage,  fifteen  per  cent,  or  15%.  It  would  be  simpler 
to  ask  what  decimal  of  175  is  26.25.  On  dividing  we  wcmld  at 
once  obtain  the  result  without  any  multiplication  by  100  or 
shifting  of  the  decimal  place.  It  would  be  0.15,  or  fifteen  one- 
hundredths. 

Practlons. — In  expressing  in  speech  ox  ^ntVUtl^  1t^.c\.\gtm&  having 
tor  denominator  hundreds,  thousands,  ox  rnVVWoxis.,  ^otsifc  ii\«si^s«t 
such  as   "one,"  should   always  be  put  betoxe  t\ie  ^ewsmVoaXx 
Endless  confusion  results  from  neglect  ot  t\i\a  «»\m^\^  ^xxVi.  'T 
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five  hundred  thousandths"  might  be  interpreted  to  nhean  either 

500  5 


or 


1000  100,000 

The  first  should  be  expressed  as  five  hundred  one^thousandths, 
he  second  as  five  one-hundred-thousandths.  Other  numbers 
:han  one  may  apply.    Thus  we  might  have 

500  515 


or 


15000  1000 

which  read  five  hundred  fifteen-thousandths  or  five  hundred  and 
fifteen  one-thousandths  respectively. 

In  naming  fractions  never  use  the  word  "over,"  as  a  over  6  for 
a 
-— .    If  it  is  a  numerical  fraction,  say  one-half  or  three-fourths, 

or  better  yet,   when  applicable,   "one   divided   by  two,"   "three 

divided  by  four."    For  literal  fractions,  such  as  —  always  say 

a  divided  by  &,  and  so  for  others. 

In  addition  to  avoiding  the  inelegancy  and  incoherency  of  the 
"over"  nomenclature,  this  fixes  on  the  mind  something  that  can- 
not be  too  firmly  grasped;  namely,  that  a  fraction  is  a  sign  of 
division.  %  =  3  -^  4.  It  may  even  be  put  as  a  process  of  long 
division,  thus: 

4)3.00(0.75 
28 


20 
20 

Compound   Fractions. — Compound    fractions    sometimes    pre- 
ent  a  certain  amount  of  difficulty.    This  is  overcome  completely 
f  two  things  are  kept  in  mind:  First,  that  to  divide  one  fraction 
y  another,  the  divisor  must  be  inverted  and  then  the  new  nomi- 
Btor  multiplied  by  the  nominator  of  the  dW\deii^>  an^  X3dl^  Xifc^ 
'nominator  by   the   denominator   of    the   dWi^eiieL.     ^^e,wv^l, 
t  any  whole  number  can  be  expressed  as  a  tracUoxiXi^  ^^^^ 
s  line  under  it  and  placing  1  beneath  it. 
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Suppose  %  is  to  be  divided  by  %.    The  latter  is  the  divisor. 
It  is  inverted  and  the  multiplication  performed  as  described: 

iL       *  _  ^        8       24 

Suppose  %  is  to  be  divided  by  5.    We  write  5  as  a  fraction, 

5 
namely,  — ,  invert  it,  and  multiply. 

The  above  operation  can  be  expressed  £y  a  compound  fraction. 
?4  divided  by  5  may  be  written  as  a  fraction,  thus: 


4 
T 

which  can  be  expressed  by  a  division  sign,  thus: 

%  -^  5  =  3/20 

The  thick  line  in  the  compound  fraction  indicates  that  5  is 
the  divisor  of  the  fraction. 

Let  the  same  three  numbers  in  the  same  order  be  written  thus: 

8^ 

4 

5 

This  Indicates  that  3  is  to  be  divided  by  4/5.    We  may  express 
it  thus: 

4  _  5        5  _  15 

Tb»  poaltion  of  the  thick  line  determines  whether  the  result  is 

Tile  beet  plan  In  writing  such  fractions  is  to  use  an  oblique 
ibr  the  trmMaoBl  component;  thws,  lor  the  two  examples 

V*  «d  ^ 

II  4/5 
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It  is  to  be  regretted  that  this  system  is  not  more  rigorously 
followed. 

The  suggestion  that  such  cases  be  dealt  with  by  treating  whole 
numbers  as  fractions  with  unity  as  denominator  is  applicable  in 
many  other  cases.  Many  people  advance  in  mathematics,  and 
remain  subject  to  a  certain  amount  of  confusion  in  just  such 
points.  An  analogous  and  very  common  case  is  that  of  one  who 
employs  logarithms,  but  never  uses  the  characteristic,  relying  on 
common  sense  for  the  decimal  point,  which  is  a  very  poor  plan 
to  follow. 

Inverted  Addition  and  Subtraction. — When  two  numbers  have 
lo  be  added,  the  best  way  is  to  begin  at  the  left  hand.  The  same 
applies  to  subtraction.  The  process  is  termed  inverted  addition 
and  subtraction.  The  following  rules  for  these  processes  are 
abbreviated  from  Newcomb: 

Before  adding  two  figures,  notice  if  the  sum  of  the  preceding 
figures  is  greater  than  9.  If  so,  add  1  to  the  sum.  If  the  sum 
of  the  preceding  figures  is  exactly  9,  then  see  if  the  next  but  one 
preceding  figures  exceed  9.  If  so,  then  1  is  to  be  added.  If  less 
than  9,  add  nothing.  If  equal  to  9,  try  one  more  place  to  the 
right. 

Suppose  we  have  to  add  the  following: 

16786434 
53213566 


70000000 


Proceed  as  follows:     Starting  at  the  left,  5  +  1  =  6.    The 
next  figures  to  the  right  are  equal  to  9.    Hence  we  must  see  if 
the  next  pair  are  greater  than  9.    They  also  are  equal  to  9.    So 
we  go  on  to  the  right  until  we  find  4  +  6  =  10.    Therefore  we 
must  add  1  to  our  first  sum  of  the  left-hand  figures  and  put  under 
them  7.    The  next  two  figures  6  +  3  =  9  have  to  have  1  added, 
^BDd  0  is  written  in  all  the  way  along  until  we  get  lo  \  -V  ^  •='^-^» 
ander  wiiicli  0  is  written,  giving  us  as  sum  lYie  ^sux^s*  ^\io^\i. 
It  is  very  seldom  that  so  complicated  an  example  ^oxx\Ql  oe^xrc. 


r 


I 


f 
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Subtraction  is  performed  on  the  same  lines.    An  example  fol- 
lows: 

37813241 
15294156 


22519085 


Proceed  as  follows:  3  —  1  =  2;  7  —  5  =  2;  8  —  2  =  6;  but 
we  see  that  9  is  greater  than  1,  the  next  couple  to  the  right,  so 
f  I  6  has  to  be  reduced  by  1,  making  5  the  next  figure.  11  —  9  would 
l  be  2,  but  we  see  that  4  is  greater  than  3  in  the  next  couple,  and 

^!  therefore  write  1  in  the  next  place,  13  —  4  gives  9,  because  1  is 
less  than  2  in  the  next  couple.  2  —  1  would  give  1,  except  that 
5  is  greater  than  4  in  the  next  couple.  Therefore  0  is  written. 
14  —  5  gives  8,  because  6  is  less  than  1  in  the  right-hand  couple. 

riultlplication  and  Division. — In  many  cases  a  multiplier  or  a 
divisor  can  be  factored  or  divided  into  two  single  digits,  which 
multiplied  together  will  produce  the  number.  Thus,  if  we  have 
as  multiplier  63,  it  can  be  expressed  as  9  X  7.  To  multiply  a 
number  by  63,  we  may  first  multiply  by  9,  and  then  multiply  the 
product  by  7,  or  the  reverse. 

Suppose  we  have  a  lot  of  wires  of  749  circular  mils  each;  and 
suppose  that  49  of  them  are  to  be  put  in  parallel.  What  is  the 
sum  of  their  areas?  We  may  say  749  X  49  =:  36,701;  or  as 
49  =  7  X  7,  we  may  say  749  X  7  =  5243;  and  5243  X  7  = 
36,701. 

TLe  answer  by  either  method  is  36,701  circular  mils. 

Suppose  that  27  feet  of  wire  is  found  to  have  a  resistance  of 
22.3  ohms.  What  is  the  resistance  of  a  foot  of  this  wire?  It 
may  be  calculated  by  long  division:  22.3  -r-  27  =  0.8259;  or  as 
27  =  3  X  9,  we  may  say  22.3  -=-  3  X  7.4333,  and  7.4333  -r-  9  = 
0.8259. 

The  answer  by  either  method  is  0.8259  ohm  resistance  per 
foot. 

The  latter  example  could  have  been  done  by  dividing  in  suc- 
cession three  times  by  the  number  3,  thus:  22.3  ^  3  =  7.4333; 
7.433  -f-  3  =  2.4777;  2.4777  -r-  3  —  0.8259. 

Certain  products  may  be  memorized.    Thus  256  is  the  product 
orj(^  by  16  or  of  8  by  22;  125  is  the  prodMet  ol  ^  \i^  ^^\  ^^'5  te 
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the  product  of  25  by  25.  One  who  is  much  engaged  in  arithmet- 
ical computations  acquires  a  stock  of  these  products. 

To  multiply  by  5  annex  one  cipher  to  the  number  and  divide 
by  2.    Thus,  78  X  5  =  780  -r-  2  =  390. 

To  multiply  by  25  annex  two  ciphers  and  divide  by  4.  Thus, 
69  X  25  =  6900  -f-  4  =  1725. 

To  multiply  by  15  annex  a  cipher  to  the  quantity  and  add 
thereto  one-halt  of  the  new  quantity.  Thus,  181  x  15  =  1810  + 
905  =  2715. 

To  multiply  by  125  annex  two  ciphers  to  the  quantity  and  add 
thereto  one-quarter  of  the  new  quantity.  Thus  181  X  125  = 
18,100  -f  4525  =  22,625. 

Anyone  can  extend  the  general  process  here  indicated  indefi- 
nitely. 

To  multiply  the  squares  of  several  numbers,  multiply  the 
original  numbers  and  square  the  product.  Thus,  81  X  64  X  49 
=  (9X8X7)*  =  504*  =  254,016. 

If  the  two  last  digits  of  a  number  are  divisible  by  4,  the  whole 
nujnber  is  divisible  by  4.  Thus  1924  is  divisible  by  4,  because 
24  is;  but  1914  is  not  divisible  by  4,  because  14  is  not. 

If  a  multiplier  lies  betweefi  1  and  200,  the  multiplication  by 
it  can  be  effected  by  percentage  addition,  or  subtraction.  Thus 
to  multiply  by  101  add  one  per  cent  to  the  number  and  multiply 
by  100.  The  multiplication  is  done  by  moving  the  decimal  point 
two  figures  to  the  right,  or  what  is  the  same,  by  carrying  out 
the  number  two  places  in  that  direction  by  adding  two  ciphers. 
Suppose  2029  X  101  is  required.  One  per  cent  of  2029  is  20.29. 
Adding  this  to  the  original  number,  we  have  2029  -f  20.29  = 
2049.29.  Moving  the  decimal  point  two  figures  to  the  right,  we 
have  204,929. 

The  rule  is  to  take  the  difference  between  the  multiplier  and 
100  as  a  percentage.  Multiply  by  100  and  add  or  subtract  as  the 
multiplier  is  larger  or  smaller  than  100. 

Thus,  to  multiply  2029  by  75,  first  multiply  by  100.  This  gives 
202,900.  The  difference  between  75  and  100  is  25.  As  75  is  less 
than  100,  25  per  cent  of  202,900  is  to  be  subtracted  from  it. 
202,900  —  50,725  =  152,175. 

To  divide  accurately  by  the  percentage  melYio^,  Wi^  ^VsNawt 


i, 


li!  . 
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must  be  taken  as  the  basis  of  the  percentage.  The  number  is 
first  divided  by  100  by  moving  the  decimal  point  two  figures  to 
the  left.  Then  to  or  from  the  result  is  added  or  subtracted  the 
percentage  of  the  divisor  which  the  difference  between  it  and 
100  is.  Thus,  for  the  divisor  75,  the  difference  between  it  and 
100  is  33  1/3  per  cent  of  75. 

To  divide  approximately  by  such  numbers,  the  regular  way  is 
generally  the  best,  except  for  numbers  near  100.  Then  per- 
centages can  be  added  or  subtracted  for  an  approximate  result. 
Thus,  to  divide  by  95,  add  5  per  cent;  to  divide  by  105,  subtract 
5  per  cent,  in  both  cases  dividing  by  100.  This  is  only  approxi- 
mate. To  divide  by  105  we  should  by  the  percentage  method 
subtract  4.762  per  cent  and  not  5  per  cent,  and  multiply  by 
100.  To  divide  by  95  we  should  add  5.263  per  cent  and  not  5 
per  cent,  and  multiply  by  100. 

The  percentage  method  is  more  easily  applied  to  multiplication 
than  to  division. 

Two  numbers  of  two  places  each,  and  which  have  the  same 
figure  in  the  unit  places  or  in  the  ten  places  can  be  multiplied 
together  thus:  Multiply  unit  by  unit.  If  the  figures  in  the 
ten  places  are  alike,  add  the  unit  figures  together  and  multiply 
by  the  quantity  in  the  tens  of  one  number.  Then  moiltlply  the 
tens.    Add  the  three  for  the  answer.    Thus,  to  multiply  47  by  49 : 

9X7=     63 

9   +   7  =  16;    16  X  40=   640 

40  X  40  =  1600 


2303 

If  the  figures  in  the  unit  places  are  the  same,  multiply  the 
units  as  before;  add  the  quantities  in  the  tens  of  both  numbers, 
and  multiply  by  the  units  in  one  number.  Multiply  the  tens, 
and  add  the  three  products.    Thus,  to  multiply  74  by  94: 

i    I  4  X    4=     16 

i    '  90   -I-    70   =   160;    160  X    4=   640 

90  X  70  =  6300 
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Two  numbers  ending  in  5  can  be  multiplied  by  a  similar  pro- 
cess. Multiply  together  the  figures  to  the  left  of  the  5  in  one 
number  by  the  corresponding  figures  in  the  other  number.  Add 
to  the  product  one-half  the  sum  of  the  numbers  just  multiplied  to- 
gether and  annex  25. 

Thus  to  multiply  65  by  75: 


7  + 
7  X 

6 
6 

= 

13; 

13 
2 

—    6.5 
42 

48.5 
25 

4875 

The  decimal  place  is  used  above  in  order  to  indicate  where  the 
25  is  to  be  annexed;  it  goes  next  to  the  decimal  place  if  such  is 
required.  If  the  sum  of  the  tens  is  an  even  number,  no  decimal 
place  appears. 

Squares  of  Numbers. — If  we  know  the  square  of  any  number, 
we  can  obtain  the  square  of  the  number  next  above  it  by  adding 
to  the  known  square  the  sum  of  the  numbers. 

Thus,  12*  =  144.  This  is  a  familiar  number.  To  obtain  from 
it  the  square  of  13  we  simply  add  12  -f  13  =  25  to  it,  giving  169, 
which  is  the  square  of  13.  Suppose  we  know  that  16*  =  256; 
then  by  adding  16  +  17  to  it  we  get  256  +  16  +  17  =  289  =  17*. 

The  converse  is  true.  We  may  by  subtracting  the  original 
number  and  the  one  below  it  get  the  square  of  one  next  lower 
than  the  first  one.  Thus,  16*  =  256;  256  —  (16  +  15)  =  225 
=  15*. 

There  is  a  certain  value  in  this  for  the  calculation  of  the 
squares  of  odd  numbers.  The  squares  of  even  numbers  can  be 
calculated  by  an  easy  method  if  they  can  be  factored  or  divided 
into  two  factors,  one  less  than  12  and  the  other  less  than  3. 
When  thus  divided,  square  both  factors  and  multiply  the  squares 
together.  The  reason  for  restricting  the  process  to  numbers 
with  small  factors  is  to  have  the  small  square  less  than  16. 
Anyone  can  multiply  by  9  mentally;  \)\ll  VI  \^  ivoX.  UQ  ^»«1  \a 
multiply  by  16. 
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Suppose  18  is  to  be  squared.  This  can  be  factored  as  6  X  3. 
Squaring  both  and  multiplying,  we  have  36  X  9  =  324.  Or  it 
may  be  factored  as  9  X  2.  Proceeding  as  before,  81  X  4  =  324; 
18*  =  324. 

This  is  only  applicable  to  even  numbers.  The  passage  to  the 
square  of  an  odd  number  is  done  by  the  method  just  described. 
Suppose  19  is  to  be  squared.  By  the  above  method  we  find  that 
18^  =  324;  adding  to  324  the  sum  18  +  19  =  37,  we  have  361  =  19^ 

The  largest  number  to  which  it  is  worth  while  to  apply  these 
combined  processes  is  36,  which  factors  into  12  X  3.  Squaring, 
we  have  144  X  9  =  1296  =  36=. 

A  very  easy  way  of  squaring  numbers  less  than  100  is  the 
following:  Subtract  from  the  number  to  be  squared  the  differ- 
ence between  it  and  the  next  multiple  of  10  just  above  it. 
Multiply  the  reduced  number  by  the  multiple  of  10  and  add  the 
square  of  the  difference  between  the  original  number  and  the 
multiple  of  10. 

Suppose  37  is  to  be  squared.  40  is  the  next  multiple  of  10,  and 
3  is  the  difference.  37  —  3  =  34;  34X40  =  1360;  3*  =  9;  and 
1360  +  9  =  1369. 

The  multiple  of  10  next  below  may  be  used  if  nearer  the 
original  number.  The  difference  is  to  be  added  to  the  original 
number,  the  multiplication  is  effected,  and  the  square  of  the 
difference  is  added. 

Suppose  63  is  J;o  be  squared.  60  is  the  nearest  multiple  of  10, 
and  3  is  the  difference.  63  +  3  =  66;  66X60  =  3960;  3=^  =  9; 
and  3960  +  9  =  3969. 

The  proof  is  demonstrated  by  algebra.  Let  a  be  the  number  to 
be  squared,  and  ft  be  the  decimal  next  above  it;  let  ft  —  a^=m. 
Then  ft  =  a  +  m,  and  the  reduced  number  =  a  —  m.  By  the  rule 
ia-{-m)  X  (a  —  m)=a- — ft*,  or  the  product  is  equal  to  a=  less 
&^  and  to  get  a^,  h^  must  be  added  to  the  product.  But  by  the 
regular  formula  the  product  of  the  sum  and  the  difference  of  two 
numbers  is  equal  to  the  sum  of  their  squares. 

A  number  ending  in  5  can  be  squared  or  multiplied  by  itself 
thus:     Multiply  the  figures  next  to  the  5  on  its  left  by  a  num- 
-Aflr  one  hJg^ber,  and  annex  25  to  the  product.    Thus  to  square 
^S  we  proceed  as  follows:     2  is  the  figure  next  to  ^  on  V\&  \^1V, 
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3  is  the  number  one  higher  than  2.  2X3  =  6.  Annexing  (not 
adding)  25,  we  have  as  the  answer  625.  To  square  165  we  mul- 
tiply 16  by  17,  giving  272,  and  annexing  25  we  have  27,225  as 
the  answer. 

Cancelation. — Cancelation  is  a  process  which  is  rather  neg- 
lected, yet  which  may  be  very  useful. 

Suppose  we  have  to  divide  1894  by  707.     Instead  of  doing  it 
by  long  division,  we  may  apply  cancelation,  thus: 

Jim'    ^S»^ 
101      270.571 

We  have  divided  bath  numbers  by  7,  and  canceled  the  original 
ones.  Instead  of  dividing  by  101,  we  simply  diminish  270.571 
by  1  per  cent,  which  is  done  by  subtracting  from  it  1/100  of 
itself,  thus;  270.571  —  2.705  =  267.865,  for  an  app-roximate  result. 
It  is  obvious  that  cancelation  is  not  always  of  much  use.  In 
the  above  example  it  is  only  of  value  as  it  enables  us  to  use  the 
percentage  method.  Often  numbers  are  so  intractable  that  can- 
celation is  quite  inapplicable.  The  essential  is  that  the  divisor 
shall  be  divisible  by  some  number  without  giving  a  remainder. 
Cancelation  always  gives  a  simplification  in  such  cases,  but  it  is 
often  hardly  worth  while  to  use  it. 

The  limitations  of  the  percentage  method  must  be  kept  in 
mind.  Often  as  above  the  only  thingtwhich  makes  cancelation  of 
value  is  the  applicability  of  the  percentage  method. 

Power  of  Ten  or  Exponential  Notation.— This  adjunct  to 
calculations  has  become  almost  indispensable  in  working  with 
units  based  on  the  C.  G.  S.  system.  It  consists  in  using  some 
power  of  ten  as  a  multiple,  which  may  be  called  the  factor.  The 
number  multiplied  may  be  called  the  characteristic.  The  fol- 
lowing are  the  general  principles. 

The  power  of  10  is  shown  by  an  exponent  which  indicates  the 
number  of  ciphers  in  the  multiplier.  Thus  10^  indicates  100;  10' 
indicates  1,000  and  so  on. 

The  exponent,  if  positive,  denotes  an  integral  number,  as 
shown  in  the  preceding  paragraph.  The  exponent,  if  negative, 
denotes  the  reciprocal  of  the  indicated  power  of  10.    Thus  10-« 

1  1 

indicatea /  l(H  indicates and  SO  on. 

JOO  1000 
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The  compound  numbers  based  on  these  are  reduced  by  multi- 
plication or  division  to  simple  expressions.     Thus:    3.14  X  10^  = 

3.14 

3.14    X    10,000,000   =   31,400,000.       3.14    X    10-^=    or 

lOOOOOOO 

314 
— r— - — -——^ .    Regard  must  be  paid  to  the  decimal  point  as  is  done 

here. 

To  add  two  or  more  expressions  in  this  notation  if  the  ex- 
ponents of  the  factors  are  alike  in  all  respects,  add  the  character- 
istics and  preserve  the  same  factor.     Thus: 

(51  X  10«)   +   (54  X  lO"')  =  105  X  10«. 

(9.1  X  10-*;  -+-  (8.7  X  10-»)  =  17.8  X  10-». 
To  subtract  one  such   expression   from   another,  subtract   the 

characteristics  and  preserve  the  same  factor.    Thus: 

(54  X  10«)  —  (51  X  10«)  =3  X  10«. 

If  the  factors  have  different  exponents  of  the  same  sign  the 
factor  or  factors  of  larger  exponent  must  be  reduced  to  the 
smaller  exponent,  by  factoring.  The  characteristic  of  the  expres- 
sion thus  treated  is  multiplied  by  the  odd  factor.  This  gives  a 
new  expression  whose  characteristic  is  added  to  the  other,  and 
the  factor  of  smaller  exponent  is  preserved  for  both. 

Thus: 

(5  X  10^  -h  (5  X  10»)  =  (5  X  10^)  -h  (5  X  100  X  lO^  =  505  X 
10^ 

The  same  applies  to  subtraction.    Thus: 

(5  X  10»)  —  (5  X  10^)  =  (5  X  100  X  10^  —  (5  X  10^  =  495  X 
10^ 

If  the  factors  differ  in  sign,  it  is  generally  best  to  leave  the 
addition  or  subtraction  to  be  simply  expressed.  However,  by  fol- 
lowing the  above  rule,  it  can  be  done.     Thus: 

Add  5  X  10-2  and  5  X  10». 

5  X  103  =  5  X  10^  X  10-2 .    (5  X  10*^    X  lO-^)  -f  (5  X  lO-^)  = 

500005 
i  500005    X    10-2.    This  may  be  reduced   to   a   fraction  = 

0000.05. 

MuJ^  ^"{^^P^y  «^^  the  exponents  of  tlie  tactoxa  lot  a  Ti«^  l^.^\.o^ 
multiply  the  cliaracteristics  for  a  ne^  cl[iaTafclex\«X\e..   ^^ 
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exponents  must  be  added  algebraically:   that  is,  if  of  different 
signs  the  numerically  smaller  one  is  subtracted  from  the  other 
one,  and  the  latter's  sign  is  given  the  new  exponent. 
Thus: 

(25  X  10»)  X  (9  X  10«)  =  225  X  10". 
(29  X  10-*)  X  (11  X  10')  =319  X  10-». 
(9  X  10«)  X  (98  X  10*)  =882  X  10^ 
To  divide,  subtract  algebraically  the  exponent  of  the  divisor 
from  that  of  the  dividend  for  the  exponent  of  the  new  factor,  and 
divide  the  characteristics  one  by  the  other  for  the  new  character- 
istic.   Algebraic  subtraction  is  effected  by  changing  the  sign  of 
the  subtrahend,  subtracting  the  numerically  smaller  number  from 
the  larger,  and  giving  the  result  the  sign  of  the  larger  num- 
ber.   (Thus  to  subtract  7  from  5  proceed  thus:  5  —  7  =  — 2.) 
Thus: 

(25  X  10»)  -^  (5  X  10«)  =5  X  l(>-« 
(28  X  10-«)  -^  (5  X  10»)  =  5.6  X  10-" 
Logaiithiiis. — The  use  of  logarithms  can  be  learned  in  a  few 
hours.  All  manuals  of  algebra  give  the  theory,  and  the  applica- 
tion with  examples,  is  generally  given  in  manuals  of  trigonometry. 
The  table  of  logarithms  is  generally  given  in  the  latter  manuals, 
but  not  in  algebras. 

Logarithms  should  be  taken  in  the  right  aspect,  as  an  aid  to 
multiplication  and  division  and  extraction  of  the  square  root,  and 
as  an  almost  indispensable  assistance  in  extracting  higher  roots. 
They  assist  immensely  in  arithmetic,  and  thorough  familiarity 
with  them  should  be  acquired. 

The  only  point  which  presents  the  least  difllculty  is  the  charac- 
teristic— for  some  obscure  reason  this  is  regarded  as  a  sort  of 
obstacle  by  the  beginner.  There  is  even  a  tendency  to  omit  it 
altogether  in  calculations.  This  tendency  is  a  very  bad  one. 
The  characteristic  should  be  written  out  always,  because  sooner 
or  later  cases  will  arise  when  its  absence  will  occasion  confusion 
and  error. 

The  \og&Tithma  of  constants  are  often  IncVM^!^^  Vc^  \»Xi\^  ^"^ 
logarithms,  and  are  frequently  very  useful. 
A  number  of  tables  of  logarithms  are  pub\Va\ieeL  \xv  >aooY  l«t\a 
in  purcbaaing  one^  see  that  the  type  and  priuUiig  axe  ^\ea.^. 
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Angular  neasurement. — A  unit  circle  is  a  circle  whose  radius 
is  equal  to  1,  or  whose  diameter  is  equal  to  2. 
Angles  are  measured  by  the  fractional  part  of  the  arc  of  a 
^  circle  which  they  include  in  their  sweep.  The  arc  of  an  entire 
circle  is  divided  into  360  parts  called  degrees,  and  indicated  by  a 
little  circle  at  the  top  of  and  following  the  figures,  thus:  45*^,  OO"*, 
reading  "45  degrees,"  "90  degrees."  It  will  be  observed  that  the 
angle  has  no  linear  measurement,  feet  or  inches  for  example. 
The  degrees  assigned  to  it  express  its  proportional  measure- 
ment, the  whole  circle  being  taken  as  equal  to  360''. 

Thus  45°  are  i5-  or  %  of  an  entire  circle,  27  **  are.?!,  or  ^ 

360  360        40 

of  an  entire  circle. 

The  length  of  the  circumference  of  a  circle  is  expressed  in 
terms  of  its  diameter,  thus:  tc  d,  d  standing  for  diameter,  and 
X  for  3.14159H-. 

In  alternating  current  formulas,  some  quantities  are  used 
which  are  what  are  known  as  functions  of  angles.  Such  are  the 
sine,  cosine  and  tangent.  These  three  are  the  principal  ones 
employed  in  alternating  current  formulas,  and  are  all  that  will  be 
described  here. 

The  cut.  Fig.  1,  shows  a  circle.  It  has  two  lines  drawn  across 
it  through  the  center.  Such  lines  are  called  diameters.  One- 
half  of  a  diameter  measured  from  the  center  to  the  circumfer- 
ence is  called  the  radius.  The  angles  begin  at  the  right-hand  end 
of  the  horizontal  diameter,  and  are  counted  toward  the  top  of 
the  circle,  and  so  all  around  it  against  the  movement  of  the 
hands  of  a  clock.  The  upper  end  of  the  vertical  -diameter  marks 
the  end  of  an  angle  of  OO"";  the  left-hand  end  of  the  horizontal 
diameter,  an  angle  of  180**;  the  lower  end  of  the  vertical  diame- 
ter, an  angle  of  270'' ;  and  coming  back  to  the  starting  point,  the 
right-hand  end  of  the  horizontal  diameter,  an  angle  of  360"*,  or 
one  of  O"",  according  to  how  it  is  taken. 

Radian  System  ci  Angular  fleasurement. — A  radian  is  the 

angle  measured  by  the  arc  of  a  circle  equal  in  length  to  the  radios. 

The  circumference  of  a  circle  of  radius  1,  which  is  the  unit 

circle,  is  2  it,  whjch  js  equal  to  6.2832 — .   A  circle  "With  a  radios 

of  10  Inches  measures  about  62.8  inches  aroMiid.   tVi^  cVwqmiI^- 
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ence  of  a  circle  contains  2  tt  radians;  a  radian  is  equal  to  one 
circumference  of  a  unit  circle  divided  by  2  7t .  Radians  are 
shown  in  Fig.  2;  they  are  the  six  equal  angles  which  nearly  fill 
the  circumference. 

As  the  circumference  of  a  circle  is  equal  to  360  degrees,  a 

360° 

radian  is  equal  to  360°  -^  2  ;r,  or =:57.3°  approximately. 

6.2832— 

When  2  tt  appears  in  a  formula,  it  is  generally  in  the  radian 
system. 


Fio.  1.— Sine,  Cosine  and  Tangent. 


FlQ.  2.— llADIANS. 


Trigonometric  Functions. — Fig.  1  is  a  circle.  It  is  divided 
into  quarters  by  two  diameters,  one  horizontal  and  one  vertical. 
The  quarters  are  designated  by  numbers,  and  referred  to  their 
arcs,  which  are  quadrants.  The  upper  right-hand  quadrant  is  the 
first  quadrant;  the  upper  left-hand  quadrant  is  the  second  quad- 
rant; and  the  lower  left-hand  quadrant  is  the  third  quadrant,  and 
the  other  is  the  fourth  quadrant. 

A  radius  OA  prolonged  outward  determines  an  angle  in  the 

first  quadrant.     The   vertical    line   from   the   outer   end   of   the 

radius  to  the  horizontal  diameter  is  the  sine  of  the  angle.    This 

sine  is  marked  A  B;  the  angle  is  included  betwe^ii  \.\i^  Wcies*  ^^ 
MJBd  OA. 
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The  sine  of  an  angle  is  always  a  vertical  line,  and  is  always 
measured  up  or  down,  as  the  case  may  be. 

The  horizontal  line  from  the  outer  end  of  the  radius  O  A  to  the 
vertical  diameter  is  the  cosine  of  the  angle.  The  line  BA  is  the 
cosine  of  the  angle. 

The  tangent  of  an  angle  is  the  vertical  line  from  an  extremity 
of  the  diameter  to  the  prolongation  of  the  radius  marking  the 
angle.  For  the  angle  shown,  the  tangent  is  the  line  indicated  by 
the  letters  D  C. 

The  numerical  value  of  the  sine  divided  by  that  of  the  cosine 
gives  the  numerical  value  of  the  tangent. 

Numerical  Values  of  Circular  Functions  are  expressed  in 
terms  of  the  radius,  whicn  is  taken  as  1  except  in  logarithmic 
tables,  when  it  is  taken  as  10^^.  The  value  when  logarithms  are 
dropped  is  taken  again  as  1.  The  value  can  be  applied  to  a  circle 
of  any  radius  by  multiplying  it  by  the  radius  of  the  circle  in 
question. 

Greek  Letters.—  it.  This  is  the  Greek  letter  p.  It  is  best 
pronounced  **pV*  If  the  Continental  pronunciation  "pee"  is  used, 
there  is  danger  of  confusing  it  with  the  Ehiglish  letter  p.  Sup- 
pose that  a  quantity  denoted  by  p  is  to  be  multiplied  by  ie  ;  con- 
fusion would  at  once  ensue  if  ar  was  called  "pee"  and  not  ''pV* 
It  indicates  the  factor  by  which  the  diameter  of  a  circle  must  be 
multiplied  to  give  the  circumference.  For  approximate  calcula- 
tions its  value  may  be  taken  as  3  1/7,  or  what  is  the  same  thing* 
22/7.  If  decimals  are  to  be  used,  3.1416  or  3.14159  may  be  used, 
the  latter  being  accurate  enough  for  almost  any  purpose.  The 
very  usual  custom  of  multiplying  the  diameter  by  3  to  get  the 
circumference  is  so  very  inaccurate  that  it  should  never  be  used. 

Take  a  circle  of  37  inches  diameter.  Multiplied  by  3  it  gives  111 
inches  circumference.  Multiplied  by  31/7  it  gives  116  2/7  or 
116.286  inches  circumference.  Multiplied  by  3.1416  it  gives  116.239 
inches  circumference.  Multiplied  by  3.14159  it  gives  116.2388 
inches  circumference. 

Reduced  to  sevenths,  the  last  two  products  read  between 
1/7  and  2/7  for  their  fractional  part.  The  error  in  116  2/7  is 
J  on)y  0.0469  inch,  or  about  1/20  of  an  inch.    It  is  evidently  un- 

necessary  for  every-day  work  to  use  the  decimaV  eoLpx^aaVou^, 


MATHEMATICS.  35 

The  exact  value  of  ic  has  never  been  calculated.  It  has  been 
deduced  to  over  a  hundred  places  of  decimals. 

6.  This  is  the  Greek  "tJi"  or  tJietay  a  double  letter  as  we 
would  call  it  in  English;  it  is  really  an  aspirated  '*f."  It  is  used 
a  great  deal  in  alternating  current  calculations,  to  indicate  the 
angle  of  lag  in  alternating  current  work. 

<p.  This  is  the  Greek  "pfe,"  or  phi,  an  aspirated  p;  it  is 
used  to  indicate  the  angle  thtough  which  an  alternating  current 
wave  has  advanced  from  the  0°  position.  When  vector  diagrams 
are  used,  the  measurement  begins  from  the  right-hand  end  of 
the  horizontal  diameter. 

a>.  This  is  the  Greek  o  (long).  It  is  spelled  omega  and  pro- 
nounced as  spelled.  It  is  used  to  indicate  the  frequency  of  an 
alternating  current  in  radians  per  second.  Let  f  equal  the  fre-  • 
quency  per  second  of  the  alternations  of  a  current;  then  co  = 
2ief.  A  single  cycle  takes  2  ;r  or  6.2832  radians  for  its  comple- 
tion. If  the  numerical  value  of  cd  in  any  given  case  is  divided 
by  6.2832,  the  quotient  will  be  the  number  of  cycles  per  second. 
The  product  of  oo  by  t,  or  go  t,  is  equivalent  to  g)  in  formulas  re- 
lating to  alternating  current. 

Useful  Constants. — There  are  certain  constants  and  figures  of 
frequent  use  which  should  be  memorized.  The  value  of  ie  is  one 
of  these.     It  is  approximately  3  1/7,  3/22,  or  3.14159. 

The  radius  of  a  circle  squared  is  equal  to  one-fourth  of  the 
square  of  the  diameter.  One-fourth  of  fc  is  0.7854.  This  is  a 
good  figure  to  remember.  The  area  of  a  circle  is  equal  to  the 
square  of  its  radius  multiplied  by  n  (3.14159),  or  to  the  square  of 
its  diameter  multiplied  by  ;r/4  (0.7854).  Thus  a  circle  of  one 
foot  diameter  is  0.7854  square  foot  area;  one  of  two  feet  diameter 
is  of  one  foot  radius  and  of  3.14159  square  feet  area. 

The  factor  0.7854  shows  that  a  circle  is  approximately  8/10 
the  area  of  the  square  inclosing  it.  This  gives  a  quick  method 
of  approximately  finding  the  volumes  of  round  cisterns  and 
tanks.  Suppose  a  round  tank  is  12  feet  in  diameter  and  15  feet 
deep.  The  area  of  the  inclosing  square  is  12  X  12  =  144  square 
feet.  144  X  8/10  =  115.2  the  approximate  area  of  the  round  cis- 
tern, and  115.2X15  =  1728  cubic  feet.  This  \s  l\i^  ^^^\wl\\ss»\a 
volume,  which  can  be  made  quite  close  to  l\ie  U\3A)cl  \i^  N^^  ^^^ 
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centage  method.  It  is  evident  on  inspection  that  0.8  exceeds 
0.7854  by  a  little  less  than  2%.  1728  less  2%  is  1728  —  34  =  1694. 
The  correct  answer  is  a  little  over  1696. 

Many  other  practical  factors  and  quantities  may  be  noted. 

A  speed  of  one  mile  an  hour  is  equal  to  1.45+  foot  or  1  foot 
514+  inches  per  second. 

A  railway  train  going  one  car  length  per  second  goes  at  about 
40  miles  an  hour. 

One  hundred  yards  in  10  seconds  is  about  20  miles  an  hour. 

The  number  of  30  foot  rails  passed  over  in  20  seconds  is  the 
approximate  speed  in  miles  per  hour. 

The  pull  on  the  draw  bar  of  a  car  on  a  level  is  about  20 
pounds  per  ton  per  mile  an  hour.  Thus  at  two  miles  an  hour  it  is 
40  pounds  per  ton,  and  so  on. 

A  cubic  inch  of  water  makes  nearly  a  cubic  foot  of  steam  at 
atmospheric  pressure,  half  this  volume  at  15  pounds  pressure, 
one-third  at  30  pounds  pressure,  and  so  on. 

Water  is  816  times  heavier  than  air. 

A  cubic  inch  of  iron  weighs  nearly  one-quarter  of  a  pound; 
a  cubic  inch  of  copper,  0.32  pound;   of  lead,  0.41  pound. 

A  cubic  foot  of  water  weighs  about  62 1^  pounds. 

To  reduce  kilometers  to  miles,  multiply  by  0.6  and  add  one-thir- 
tieth. 

Sixty-two  miles  an  hour  is  100  kilometers  an  hour. 

1  kilowatt  is  equal  to  a  little  over  11/3  horse-power  (1.3404). 

1  B.T.U.   (British  thermal  unit)   is  equal  to  772  foot-pounds. 

1  cubic  foot  of  air  weighs  537  grains. 

1  cubic  foot  of  hydrogen  weighs  37  grains. 

1  liter  of  hydrogen   (the  crith)   weighs  0.08961  gramme. 

Torque. — Torque  is  force  exercised  in  the  rotation  of  a  wheel 
or  similar  object,  or  the  force  which  a  rotating  wheel  or  similar 
object  exerts.  Thus,  in  the  case  of  an  electric  motor  its  twisting 
force,  or  the  force  with  which  its  shaft  is  rotated,  is  its  torque. 
The  armature  of  an  active  dynamo  resists  the  force  which  the 
belt  exercises  on  the  belt  wheel,  and  energy  or  horse-power  has 
to  be  used  to  keep  it  going.  This  resistance  is  torque.  The 
strain  produced  by  the  belt  is  driving  torque;  the  resistance 
o/Tered  by  the  belt-wheel  keyed  on  the  armalMte  sY^ail  \^  l\i^ 
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resisting  torque,  strictly  speaking.  Of  these  two  terms,  the  one 
most  used  is  driving  torque  only.  In  a  motor  the  case  is  re- 
versed. The  armature  is  drawn  around  and  kept  in  rotation  by 
the  field  magnets,  and  the  armature  exercises  torque,  and  by 
means  of  its  torque,  and  because  of  it,  can  drive  machinery.  In 
the  generator,  the  belt  exercises  torque;  in  the  motor,  the  arma- 
ture exercises  it.     - 

If  we  know  the  torque  and  the  speed  of  the  machine,  we  have 
the  actual  horse-power. 

Torque  is  usually  expressed  in  this  country  in  pounds  pull 
on  a  one-foot  radius,  which  is  that  of  a  2  foot  pulley  or  belt- 
wheel. 

The  horse-power  exerted  by  a  motor  whose  speed  and  torque 
are  known  may  be  calculated  by  the  following  formula.  In  it  T 
indicates  torque,  H.  P.  horse-power,  r  radius  of  torque,  S  revo- 
lutions per  minute  of  the  motor  shaft. 

T  X  r  X  6.28  X  S 

H.  P.  = 

33,000 

Suppose  the  torque  exerted  by  a  4-foot  belt-wheel  driven  by  a 
motor  was  10  pounds,  and  that  the  motor  made  2,000  revolutions 
per  minute.     Substituting  these  figures,  the  formula  becomes: 

__^  10  X  2  X  6.28  X  2000         251,200  __ 

^•^ 33:000 =  -33,000  -^-^^^ 

actual  horse-power. 

If  a  machine  is  rated  at  a  definite  horse-power  and  speed,  the 

torque  is  calculated  by  the  next  formula,  which  is  a  transposition 

of  the  other. 

H.  P.  X  33,000 
T=- 


r  X  6.28  X  S 


Suppose  a  7%  horse-power  machine  has  a  speed  of  2,000  revolu- 
tions at  full  load.  To  determine  the  torque  on  a  pulley  of  4  feet 
diameter,  which  gives  r=:2,  we  substitute  as  below: 

_  7%   X  33,000         255.750 

radius. 
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In  these  formulas  the  factor  6.28  is  2  ^ ,  or  the  factor  by  which 
the  radius  of  a  circle  must  be  multiplied  to  give  the  circumfer- 
ence. 

It  is  practically  accurate  to  consider  the  torque  of  an  electric 
machine  identical  when  run  either  as  dynamo  or  motor  if  the 
speed  and  current  are  the  same.  In  many  cases  it  is  easy  to  run 
a  dynamo  as  a  motor.  The  Prony  brake  in  some  of  its  many 
forms  can  be  applied,  and  the  torque  determined  with  the  simplest 
possible  appliances.  The  torque  developed  by  the  dynamo  when 
run  as  a  motor  is  taken  as  that  which  would  be  absorbed  by  it 
when  run  as  a  dynamo. 

Actual  horse-power,  or  that  exerted  by  a  machine,  is  often 


5tG.  ^.— PaONY  Bbakb. 


called  brake  horse-power,  because  it  is  determined  by  a  Prony 
brake. 

The  Prony  Brake  is  an  apparatus  for  determining  the  horse- 
power of  a  machine,  such  as  a  steam  engine,  or  electric  motor,  or 
dynamo.  A  Prony  brake  is  shown  in  Fig.  3.  A  belt  pulley  is 
turned  by  the  machine  under  trial;  the  pulley  is  keyed  to  the 
shaft  M.  A  strap  brake  passes  around  it,  armed  with  wooden 
shoes.  One  end  of  the  strap  is  fastened  at  D,  the  other  at  B. 
The  latter  fastening  is  adjustable  by  the  screw  and  hand-wheel 
S.  The  arrow  indicates  the  direction  of  rotation  of  the  wheel. 
The  hand-wheel  S  is  turned  until  the  weight  is  just  held  in  equi- 
poise, with  the  lever  between  the  two  stops.  A  spring  balance 
is  often  used  instead  of  the  weight.  The  shaft  under  the  con- 
ditions outlined  above  rotates  with  power  enough  to  sustain  the 
weig^bt  on  the  lever  or  that  indicated  by  t\i^  a^xm^  \i^\«A!LC/fe. 
Oajjjnsr  the  half  diameter  or  radius  of  tlie  puW^y  r,  anei  VXi^  ^\^- 
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tance  from  the  center  of  the  shaft  to  the  point  of  application 
,of  the  weight  L,  we  have  for  the  turning  stress  or  force,  which 
4s  torque,  of  the  shaft  M: 

Pull  X  r 

Torque = 

•         L 

From  the  torque  thus  determined  and  the  number  of  revolu- 
tions the  horse-power  is  obtained  by  the  formula  below: 

6.28  S 

Horse-power  =:  Torque  X  

33,000 

in  which  S  is  the  number  of  revolutions  per  minute  made  by  the 
machine.  The  torque  is  the  force  component,  the  rotation  of 
the  shaft  is  the  space  component,  and  the  two  give  energy,  and 
the  energy  rate  is  power. 

The  Dynamometer  is  an  appliance  which  indicates  the  power 
a  machine  at  work  in  exerting,  when  the  speed  of  the  machine 
is  known,  indicating  directly  the  force.  This  force  may  be  exer- 
cised directly,  as  when  a  team  of  horses  is  pulling  a  wagon  or 
when  a  locomotive  engine  is  pulling  a  train  of  cars.  A  spring 
balance  used  as  draw  bar  or  coupling  link  is  a  dynamometer  for 
such  cases.  Its  reading  in  pounds  multiplied  by  the  speed  of 
the  horses  or  engine  in  feet  per  minute,  and  divided  by  33,000, 
gives  the  horse-power. 

If  the  dynamometer  gives  the  torque  or  pull  of  a  belt,  then  the 
radius  of  the  pulley  must  be  known,  and  the  revolutions  per  min- 
ute.   Formulas  will  then  give  the  horse-power. 

In  the  illustration.  Fig.  4,  a  transmission  dynamometer  is 
shown.  It  transmits  the  power  of  a  machine,  whence  it  derives 
its  title,  c  is  a  shaft  connected  by  a  universal  joint  c'  to  the 
machinery  to  be  driven.  The  pulley  C  with  inside  teeth  is  keyed 
to  this  shaft.  It  is  turned  by  the  pulley  B,  and  B  is  turned  by 
the  pulley  A,  to  whose  shaft  a  a  with  universal  joint  the  working 
machine  is  connected.  Noting  the  directions  of  rotation  indi- 
cated by  the  arrows,  it  will  be  seen  that  B  driven  by  A  has  its 
axle  forced  downward.  It  is  acted  on  with  more  or  less  force,  ac- 
cording U>  the  power  exercised  by  the  mSLcMne.  TYi^  \^^«t  ^,  ws. 
wbJcb  B  is  mounted,  has  a  limited  range  ol  molVoxi  ^XiOxxX.  Ve&  ^nsX.- 
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crum  at  D.  This  motion  is  counteracted  by  the  weight' P,  acting 
through  the  lever  T  on  the  knife  edge  e  of  the  lever  D.  The 
torque  can  be  taken  at  any  time  without  interfering  with  the 
running  of  the  machine,  and  without  absorbing  any  of  its  power. 
Luminiferous  Ether. — ^This  is  a  theoretical  thing  whose  exist- 
ence has  never  been  proved.  It  is  assumed  to  be  the  cause  of  the 
dissemination  of  light  and  of  the  phenomena  of  electricity.    It  is 

best  thought  of  as  something  like 
a  gas  but  so  much  more  tenuous 
that  it  cannot  be  detected  in  any 
way.  It  passes  through  many 
substances,  especially  through 
non-conductors  of  electricity 
such  as  glass.  Conductors  of 
electricity  are  almost  impene- 
trable by  it*  On  this  distinc- 
tion between  transparent  and 
opaque  bodies,  the  first  not  con- 
ducting electricity  and  the  others 
conducting  it,  is  found  a  basis  for 
the  theory  that  light  and  elec- 
tricity are  closely  related.  Clerk 
Maxwell's  celebrated  electro- 
magnetic theory  of  Ught  leads 
to  the  same  conclusion,  and  a 
confirmation  for  it  may  be 
found  in  the  opacity  of  conduc- 
tors such  as  metals  and  gra- 
phitic carbon  and  the  transpar- 
ency of  non-conductors  such  as 
glass,  amber  and  carbon  in  the 
modification  known  as  diamond.  This  is  a  general  statement, 
and  open  to  qualifications  which  it  is  unnecessary  to  introduce 
here. 


Fig.  4.— Thb  Dynahometeb. 


CHAPTER    II. 

J  ELECTRIC   QUANTITY   AND   CURRENT. 

Quantity, — While   electricity   la   about   the   most   in- 
definable  word  used   in  science,  Ve  have  as  a  starting  point  to 
assume  th^t  it  is  of  such  a,  nature  as  to  be  susceptible  of  posaeas- 
ing   Quantity.     We   have  to   use   the   conception   ot   dpflnite   and       ' 
definable  ciuantities  of  electricity  without  being  able  to  say  what 
we  mean  by  electricity  itself.    The  coaception  of  an  electric  cur-      i 
rent  is  that  of  the  transfer  of  quantities  of  electricity  along  a 
wire   or   conduetor.   just   as   in   a   current   of   water   gallons   are      ' 
transferred    through    a    pipe.     An    electric    current   heating    the      ' 
filaments  of.  incandescent  lamps,  producing  the  electric  arc  be- 
tween carbon  terminals,  exciting  electric  magnets  and  driving      , 
powerful  motors.  Is  familiar  enough.    But  the  idea  of  quantities,      J 
stored  up  in  receptacles,  is  less  so.  \ 

A  quantity   of   electricity   may  be   stored   upon   the  surface   of      ( 
any   insulated  body.     Coincident  with   its  storage  is  the  storage 
of  another   equal  quantity  of  opposite  polarity  somewhere  else.       ' 
A  quantity  of  electricity  cannot  be  stored  or  charged  upon  a    ' 
surface  unless  an  equal  and  opposite  charge  is  stored  elsewhere. 
It  is  aomethinE  like  chemical  decomposition.     It  is  impossible 
to  take  a  quantity  of  hydrogen  from  water  without  producing  a 
corresponding  quantity  of  oxygen,  equal   thereto  In  saturating 
power. 

Storage  of  Electric  Quantity. — The  surface  of  bodies  seems 
to  be  the  only  part  concerned  in  the  storage  of  electricity.  The 
coexistence  of  two  charges  and  the  impossibility  of  a  slngla 
charge  existing  by  itself,  caused  the  early  investigators  to  found  , 
the  two-fluid  theory  of  electricity.  Current  phenomena  we 
treated  more  simply  by  assuming  the  existence  at  a.  sVa%\«  Awi- 
tric  Buid.  The  assumption  jg  therefore  made,  a\ttiOM.^  i:»,"i&«  i 
oat  of  harmony  with  the  Phenomena  o£  electT\c  c\vft.-csea. 
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One  of  these  phenomena  is  that  two  oppositely-charged  surfaces 
attract  each  other,  and  that  their  charges  tend  to  combine,  form- 
ing a  current  while  doing  so.  But  the  single-fluid  versus  double- 
fluid  controversy  is  an  academic  question;  there  is  certainly  no 
fluid  in  electricity;  and  we  can  speak  of  a  current  as  of  water, 
or  of  positive  and  negative  charges  as  of  oxygen  and  hydrogen 
in  the  water  molecule  ad  libitum. 

Condensers. — The  typical  receptacle  for  electricity  is  termed  a 
condenser.  It  comprises  two  surfaces  adapted  to  receive  and  to 
conduct  electricity,  insulated  *  from  each  other.  To  enable  the 
surfaces  to  conduct  electricity  to  every  part  of  their  area,  and  to 
give  it  up  when  wanted,  they  are  made  of  metal.  To  save  space 
the  metal  is  thin.  To  separate  and  keep  them  insulated  from 
each  other,  and  to  modify,  owing  to  a  most  curious  property, 
their  storage  capacity,  an  insulating  material  is  placed  between 
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them.    A  sheet  of  paper  as  insulator,  with  a  sheet  of  tinfoil  on 
each  side  of  it,  is  a  condenser. 

Paper  is  not  procurable  of  unlimited  area,  and  the  same  is 
true  of  tinfoil.  It  would  also  be  very  inconvenient  to  have  con- 
densers as  big  as  table-cloths.  Acccordingly,  to  increase  the 
area  of  the  tinfoil  it  is  piled  up  like  the  leaves  of  a  book,  with 
paper  between  the  leaves.  Every  leaf  of  tinfoil  is  kept  in  electric 
connection  with  the  leaf  once  removed  from  it.  This  brings  the 
tinfoil  into  two  sets,  the  pieces  of  each  set  being  in  connection 
nvtA  all  pieces  of  its  own  set  and  insulated  Ixoxci.  \Xift  olYvax  ^^t, 
^3&«  cut.  Fig,  5,  Bbowa  the  arrangemeat  la  a  dU^ST^m  ol  \\&  c^q«^ 
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foil,  all  connected  together.  The  dark  lines  6,  61,  and  6,  repre- 
sent the  other  set,  also  connected  together.  The  shaded  part 
intervening  represents  the  dielectric,  which  may  be  paper,  mica, 
or  glass.  In  some  standard  condensers  it  is  simply  air,  plates 
of  metal  being  nsed  instead  of  tinfoil.  A  and  B  are  the  con- 
ductors, by  which  it  may  be  charged  and  discharged.  They  are 
twofold,  so  that  one  pair  can  be  used  for  the  charge  and  one 
for  the  discharge.  One  set  of  sheets  receives  a  positive  charge 
(-f)  when  the  other  receives  a  negative  one  ( — ). 

Fig.  6  shows  the  way  a  condenser  is  built  up.  It  is  inclosed 
in  a  box  with  bimiing  posts  for  the  two  sets  of  leaves.  Various 
modifications  of  connections  are  applied  in  practice. 


Fig.  6.~THa  Coitdbnsbr. 


Charging:. — If  electricity  of  one  kind  is  poured  into  or  over 
the  surface  of  one  set  of  leaves  of  tinfoil,  the  other  electricity 
must  be  given  some  means  of  accumulating  on  the  other  leaves. 
Therefore,  simultaneously  with  the  pouring  in  of  one  kind,  means 
must  be  provided  for  accumulating  another  kind.  One  must  be 
poured  over  one  set  of  tinfoil,  and  the  other  over  the  other. 

If  a  charge  is  to  be  given  by  a  galvanic  battery,  for  instance, 
fti  opposite  terminals,  A  and  B  must  be  connected  one  to  one  set, 
a,'€^t  o?»  the  other  to  the  other  set,  &,  1>\  &*,  of  tinfoil  eheftta, 
/jf  an  exceedingly  abort  space  of  time  each.  »^t  t^^^V?^^  V«^ 

VR    Tbe   tinfoil  being   a    conductor,   coTidwc\»  V\ife  ^\\x^«ti 

«Tr^r©.    To  discbarge  the  condenser,  l"he  owo^Vt.^^^-^'c^^^^ 
^-Oifoll  are  brougbt  into  electric  contact,  t\i^  ewTxexiV  ^^ 
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for  an  infinitesimal  space  of  time  in  one  direction,  and  then  in 
diminished  intensity  in  the  other,  and  so  beats  back  and  forth 
like  the  swinging  of  a  pendulum  until  the  charge  is  gone,  and 
the  opposite  electricities  have  combihed.  The  quantity  of  elec- 
tricity which  constituted  the  charge  has  disappeared. 

Meaning:  of  Quantity  of  Electricity. — It  would  seem  that 
there  must  be  the  same  quantity  of  electricity  in  the  condenser 
after  as  before  the  discharge.  But  a  ''quantity"  of  electricity  is 
determinable  by  and  recognized  by  its  effects.  The  discharged 
condenser  is  perfectly  neutral  and  inert,  therefore  there  is  no 
quantity  of  electricity  in  it.  Keeping  clear  of  the  question  of 
double  or  single-fiuid  theory,  we  may  conclude  that  electric 
quantity  is  quite  different  from  hydraulic  quantity,  which  is 
gallons,  liters,  or  other  measure  of  a  fluid.  The  same  is  to  be 
said  of  electric  current.  It  is  far  different  from  a  current  of 
water.  But  it  is  convenient  to  treat  the  electric  phases  of 
quantity  and  current  as  being  analogous  to  quantity  and  current 
of  water  or  steam.  It  is  in  the  actions  of  water  and  steam  that 
convenient  analogies  to  electric  action  are  found. 

Eartliins:  a  Condenser. — Another  way  of  charging  a  condenser 
is  to  connect  one  set  of  leaves  to  the  earth,  or  "earthing"  it.  The 
earth  is  arbitrarily  takei^  as  of  zero  potential.  If  one  kind  of 
electric  excitation  is  imparted  to  the  set  of  leaves  not  connected 
to  the  earth,  the  electricity  of  the  same  kind  is  expelled  into  the 
earth  out  of  the  other  set.  There  is  another  way  of  picturing 
the  action,  treating  the  earth  as  an  inexhaustible  reservoir  of 
negative  electricity,  ready  to  receive  negative  electricity  from 
one  side  of  a  condenser,  leaving  it  positively  charged,  or  to  pour 
in  negative  electricity,  leaving  it  negatively  charged. 

Capacity  of  Condensers. — The  quantities  of  electricity  which 
can  be  stored  in  condensers  are  exceedingly  small.  An  incan- 
descent lamp  may  use  up  a  coulomb  of  electricity  every  second. 
It  would  take  an  enormous  condenser  to  supply  it  for  even  a 
single  minute.  Such  condensers  accordingly  in  practical  use  are 
largely  employed  in  the  class  of  electrical  work  requiring  slight 
currents,  such  as  telegraphy  and  telephony.  The  accumulation 
and  Instant  discharging  of  quantity  following  each,  olhex  In.  rapid 
succession  play  an  exceedingly  important  r61e  \ii  mvxcYi  ^otV.  Va 
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modern  electricity,  where  alteroating  currents  accumulate  quan- 
tity, discharge  it.  and  accumulale  it  again  twenty-flye  to  sixty 
limes  in  a  second.  This  opens  another  field  for  the  use  o[  con- 
densers. The  effect  of  the  action  Is  treated  of  by  engineers  under 
the  term  "capacity.*' 

A  condenser  charged  with  a  quantity  of  electricity  greater  or 
less,  as  the  case  may  he,  can  be  taken  away  from  its  connections 
and  carried  about  like  a  pail  of  water.  Electricity  could  be 
poured  out  of  It  into  another  condenser,  and  it  could  thus  eetab- 
llsh  a  current.  The  distant  end  of  an  Atlantic  cable  might  be 
connected  directly  to  tbe  earth.  Then  if  one  set  of  leaves  of  a 
charged  condenser  were  also  connected  to  the  earth,  a  very 
brief  current  could  be  sent  through  the  cable  by  connecting  the 
other  set  of  leaves  to  its  ungrounded  near  end. 

Single  Surface  Condenser. — A  quantity  of  electricity  can  be 
accumulated  and  held  upon  any  Insiilatecl  conductor.  A  piece 
of  tinfoil  on  tlie  middle  of  a  sheet  of  glass  could  be  cliarged 
with  a  quantity  of  electricity.  This  would  at  first  sight  seem 
praclsely  the  same  as  pouring  water  into  a  receptacle.  But  the 
dual  element  has  not  disappeared.  The  charged  bit  of  tinfoil 
produces  an  opposite  charge  on  objects  around  it,  on  the  surface 
of  the  experimenter's  skin,  on  the  walls  of  the  room,  and  else- 
where, there  being  theoretically  no  limit  to  the  area  affected. 
The  little  bit  of  tinfoil  only  operates  as  a  container  of  electrical 
quantity  in  conjunction  with  surrounding  objects.  It  repreaenta 
one  set  of  leaves  of  the  condenser,  the  surface  of  surrounding 
objects  represents  the  other  set  of  leaves. 

Unit  Of  Quantity.— A  quantity  of  electricity  stored  in  a  con- 
denser is  termed  a  charge.  Poured  through  a  conductor,  it  pro- 
duces a  current.  It  Is  thought  of  as  a  measurable  thing,  and  its 
unit  is  called  the  coulomb.  A  current  of  one  coulomb  per  sec- 
ond is  called  a  current  of  one  ampere.  One  coulomb  at  a  poten- 
tial of  one  volt  constitutes  a  unit  of  energj'  called  the  volt- 
TOUlomb  or  joule  (pronounced  '■joicl").  A  joule  Is  equal  to 
nearly  one-tbousandth  of  a  British  thermal  unit:  1047  joules  have 
energy  enough  to  heat  one  pound  of  water  one  degree  F.;  746 
Joules  wouJd  exercise  one  horse-power  tor  one  seconfi.. 
This  Js  not  a  direct  way  ol  estimating  tbe  coii\otiA,  ^e.wi«>*  '^'^ 
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is  used  as  a  factor  of  a  compound  unit,  but  energy  units  are  so 

familiar  that  this  method  of  conceiving  of  the  value  of  a  coulomb 

I  is  of  use.    A  coulomb  of  electricity  as  such  is  often  considered  as 

producing  direct  results.    The  most  that  can  be  said   is  that 

results  follow  the  application  of  electric  energy  which  vary  in 

'  direct  proportion  with  the  coulombs.    A  coulomb  without  asso- 

I  elation  with  electromotive  force  can  do  nothing,  and  properly 

speaking  cannot  be  directly  measured  by  its  effects,  but  can  be 

indirectly  measured  by  effects  which  vary  in  direct  proportion 

with  electric  quantity. 

At  Niagara  Falls  tpns  of  aluminium  are  produced  by  electric 
decomposition  of  chemical  compounds  (haloid  salts)  of  alumi- 
nium. The  quantity  of  metal  produced  is  due  to  coulombs  of 
electricity  passed  through  the  fused  mixture  containing  the 
aluminium  salt  or  salts.  An  enormous  number  of  coulombs  of 
electricity  are  used  annually  in  the  production  of  aluminium. 

In  electro-plating  works  silver  is  deposited  in  greater  or  less 
thickness  upon  tableware  and  other  articles.  The  quantity  of 
silver  deposited  depends  upon  the  quantity  of  electricity  i|^ed 
in  doing  it  One  coulomb  of  electricity  deposits  1.134  milli- 
grammes of  metallic  silver.  It  will  separate  from  water  about 
172  cubic  centimeters  of  a  mixture  of  hydrogen  and  oxygen  gases. 
This  gives  a  sort  of  relation  between  electric  quantity  and  con- 
crete measures  and  weights,  which  makes  electric  quantity  more 
realizable  than  it  would  be  without  such  aids  to  the  imagination. 
A  thunder  cloud  as  one  surface,  with  the  earth's  surface  and 
the  surfaces  of  all  objects  thereon  as  the  other  surface,  can  store 
up  quantities  of  electricity  just  as  a  condenser  can.  A  square 
mile  of  thunder  cloud,  at  such  tension  of  electromotive  force  as 
to  be  ready  to  discharge  a  lightning  stroke,  need  only  have  a 
quantity  of  electricity  of  seventy  coulombs  in  its  charge.  Its 
quantity  of  electricity  would  only  deposit  80  milligrammes  of  sil- 
ver from  a  plating  solution. 

Coulombs  of  electricity  forced  by  electromotive  force  through 

conductors  of  properly  adjusted  resistance  produce  quantities  of 

heat  with   accompanying  light,   of  incandescent  and   arc   type. 

forced  through  motors,  quantities  of  mechanical  energy  are  pro- 

duced,  measured  by  /oot-pounds  or  other  \m\t.    \xl  1\l^»^  o^^oet^.- 
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tions  of  electric  light  and  power,  the  energy  produced  or  absorbed 
is  always  expressible  by  a  compound  unit,  such  as  the  foot- 
pound. These  operations  are  due  also  to  a  twofold  action  of  elec- 
tricity; they  are  due  to  potential  drop  and  to  quantity  com- 
bined. In  the  compound  units,  such  as  foot-pounds,  by  which 
the  action  of  combined  potential  and  quantity  is  measured,  we 
discern  always  a  potential  unit,  the  foot  for  instance,  and  a 
quantity  unit,  such  as  the  pound.  To  them  corresponds  the  com- 
pound unit  of  electrical  energy  spoken  of  above,  the  volt-coulomb 
or  joule,  1.356  of  which  are  equal  to  one  foot-pound  of  mechanical 
energy. 

Electric  quantity  can  be  measured  by  things  amenable  to  the 
simple  processes  of  weighing  and  measuring.  There  is  danger, 
on  account  of  this  direct  proportion  existing  between  electric 
quantity  and  the  effects  of  electric  energy,  that  the  agency  of 
electromotive  force  will  be  overlooked. 

The  coulombs  passed  through  a  deConotposable  solution  are  di- 
rectly proportional  to  the  quantity  of  products  of  decomposition. 
But  for  this  decomposition  a  fixed  quantity  of  electromotive 
force  is  required.  Therefore  a  constant  value  of  electromotive 
force  for  each  case  accompanies  each  decomposition,  so  the  nat- 
ural tendency  is  to  leave  it  out  of  consideration,  although  the 
coulomb  would  be  impotent  without  accompanying  voltage  or 
electromotive  force. 

But  when  heat  energy  comes  into  question,  the  simple  ratio 
disappears,  and  it  is  found  that  heat  energy  is  proportional  to 
volt-coulombs  or  joules;  not  to  coulombs,  but  to  coulombs  raised 
to  the  second  power.  This  is  the  reason  why,  in  referring  elec- 
tric quantity  to  quantities  of  physical  energy,  the  joule  was  used 
instead  of  the  coulomb  on  a  preceding  page. 

The  Storas:e  of  Quantity  of  Electricity  involves  a  factor  that 
applies  to  the  storage  of  any  physical  thing,  namely,  capacity. 

Capacity  is  the  relative  power  of  storing  electricity  of  a  surface 
or  combination  of  surfaces. 

Eilectricity  charged  upon  a  surface  tends  to  escape  from  it  and 
to  join   that   upon   the   oppositely-charged   surface.    This   tend- 
ency est&bllsbes  a  potential  difference  or  eVectTomLoVVi^  lot^'^Xi'^- 
tween  the  two  surfaces. 
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■~^  Capacltj  Is  defined  quanlitatnelj  b\  means  of  this  potential 
difference  A  condenser  which  will  hold  one  Loiilomb  of  elec 
trlclty  at  a  potential  of  one  \olt  hat  a  capacity  of  one  farad 

It  is  somewhat  as  if  we  should  say  that  a  \esael  which  would 
hold  5270  grains  of  air  a  a  pressure  of  ten  atmospheres  would 
have  1728  cubic  Inches  capacity  The  weight  of  the  air  represents 
the  quantity  or  the  coulombs  the  ten  atmosphere'*  represent 
the  voltage  or  the  volts  and  1728  cubic  inches  represent  the 
capacity  or  the  farads  All  this  Is  simply  an  analogy  If  the 
pressure  ot  the  air  were  doubled  the  capacity  ot  the  vessel 
would  be  unchangel  but  it  would  hold  twice  the  quantity  of  air 
that  it  held  at  the  loner  pressure  It  is  manifest  that  the  capa 
city  of  a  vessel  could  not  be  expressed  In  grains  or  other  weight 
of  air  unless  the  pressure  of  the  air  were  specified  A  unit  of 
capacity  different  from  the  unit  ot  quantity  Is  needed 

It  is  exactly  so  with  electric  capacity  The  potraitial  or  elac 
tromothe  torre  of  Its  charge  must  he  depressed  to  deflne  the 
capacity  of  a  receptacle  of  electric  quantity  This  is  why  diHer 
ent  units  are  used  for  eapai-ity  and  quantity  A  measure  of  a 
capacity  of  one  gallon  holds  a  quantity  of  water  deflnpd  as  one 
gallon  and  holds  this  amount  under  all  circumstances  and  con 
dltions  But  an  electric  measure  of  fi\Pd  capacity  such  as  a  par 
ticniar  condenser  can  hold  any  quantity  of  eiettrlclty  until  It 
breaks  down  and  dl&charges  through  its  dielectrics  puncturing 
them  and  destrovluB  Its  materials  of  Lonatructlon  If  they  are  sua 
ceptible   of    Injury 

DIelectrl  s  — The  substance  f-eparating  two  oppositely-charged 
conducting  surfaces  is  called  the  dielectric  It  may  be  any  suli- 
Elance  which  will  not  conduct  the  electric  current  as  otherwise 
the  surfaces  would  discharge  Into  ea  h  other  The  nature  of  the 
dielectric  affects  the  operation  ol  the  condenser  and  the  effect 
depends  on  specific  induitne  capac  tv   or  induct  litv 

Specific  Inductive  Capacity  or  InJuctlvlty.— The  nature  of 
the  inauiatlng  substance  or  dielectric  which  separates  oppositely- 
charged  surfaces  baa  an  effect  upon  the  voltage  or  potential  differ- 
ence due  to  a  charge  of  a  given  quantity.  Air  and  gases  are 
/»«  pooreet  ^Meclrics.  Stilphur  la  3.2  times  better  than  air. 
AsButae  two  sheets  of  met&i  separated  by  air  ani  troMtfa.*-  \i3  b. 
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certain  charge  or  quantity  of  electricity  to  a  potential  difference 
of  3.2  volts.  If  a  layer  (ff  sulphur  of  equal  thickness  separated 
them,  their  potential  difference  would  be  only  1  volt.  The  rela- 
tive quality  of  dielectrics  in  this  regard  is  called  Specific  Induc- 
tive Capacity,  or  Inductivity. 

The  inductivity  of  some  dielectrics  is  given  here.  Air,  it  will 
he  recollected,  is  1,  and  a  vacuum  about  the  same. 

Glass   3.0    to  10.00  Shellac    2.95  to  3.60 

Vulcanite  2.50  Turpentine   2.15  to  2.43 

Paraffin 1.68  to    2.30  Petroleum    2.04  to  2.42 

Beeswax 1.86  Sulphur    3.20 

Mica   4.00  to    8.00 

The  application  of  these  figures  is  to  be  seen  in  the  formula 
for  calculating  the  capacity  of  a  condenser.  This  formula  for 
microfarads  is 

K  =  885  X  lO-i^  X  

X 

In  this  formula  a  is  the  area  in  square  centimeters  of  all  the 
leaves  of  dielectric  between  the  conducting  plates;  x  is  the  thick- 
ness of  the  dielectric,  and  Tc  is  the  inductivity. 

Examples  of  Capacity. — The  capacity  of  the  earth  is  only 
0.007  farad,  or  7,000  microfarads,  and  that  of  the  sun  is  0.076 
farad,  or  76,000  microfarads. 

Polarized  electrodes  immersed  in  an  acid  solution  have  im- 
mense capacity.  Two  square  inches  of  platinum  electrode  im- 
mersed in  dilute  sulphuric  acid,  and  polarized  a  little  over  1/50 
volt,  have  a  capacity  of  175  microfarads.  This  is  the  capacity 
of  80,000,000  square  inches  of  tinfoil  or  other  metal  surface 
separated  by  %  inch  of  air.  If  the  platinum  is  more  highly 
polarized,  its  capacity  increases.  The  polarization  is  brought 
about  by  using  them  as  electrodes  for  the  decomposition  of 
water.  Hydrogen  adheres  to  and  is  occluded  by  one  plate,  and 
oxygen  by  the  other.  This  establishes  a  difference  of  potential 
between  them.  The  description  of  Grove's  ga^  \ia.\X^T^  ^v^^^-^ 
elsewhere  may  be  referred,  to  in  this  connecUoii. 
rUa-otarad.—The  farad   is  too  large   a  umt  ol  ca^«^^\Vj   ^^ 
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ordinary  use,  so  a  microfarad,  or  one  one-millionth  of  a  farad, 
is  the  standard  unit. 

Cttireiit  and  Rate  Units. — ^The  working  electrician  is  so  ac- 
customed to  deal  with  electricity  in  action,  that  his  mind  always 
turns  in  that  direction.  The  mechanical  engineer  deals  in  many 
units  of  energy,  such  as  the  erg,  foot-pound,  and  the  like;  but 
the  electrical  engineer  instinctively  refers  to  electricity  in  its 
effects.  A  charged  condenser  does  not  look  a  bit  different  from 
an  uncharged  one,  though  one  contains  potential  electric  energy. 

But  an  active  conductor  is  surrounded  with  thermic  and  other 
phenomena  in  the  way  of  force  and  energy,  which  make  the 
bringing  out  of  the  recognition  of  its  activity  by  the  eye  an  easy 
matter.  Current  intensity  is  the  thing  most  easily  recognized 
and  whose  effects  are  most  often  witnessed.  It  is  the  production 
of  current  that  is  the  end  and  aim  of  nine-tenths  or  more  of 
engineering  practice.  For  such  reasons  as  the  above  the  ampere, 
a  unit  of  rate  of  quantity  transfer,  is  far  more  used  than  the 
coulomb,  a  unit  of  quantity  alone. 

The  above  shows  the  origin  of  a  clearly  discernible  habit  of 

thought  among  electricians.    They  do  most  of  their  work  with 

rate  units  of  quantity  and  of  energy.    Such  units  are  for  rate  of 

'    quantity,  which  is  current,  the  ampere;  for  rate  of  energy,  which 

is  power,  the  watt. 

Condoctors  and  Non-Conductors. — ^The  old-time  division  of 
substances  into  conductors  and  non-conductors  of  electricity  had 
so  much  truth  in  it,  that  it  is  preserved  to  the  present  time. 
There  is  a  group  of  substances  that  conduct  the  electric  cur- 
rent well;  there  is  another  group  that  conduct  it  so  badly  that 
they  are  termed  insulators  and  non-conductors,  although  every 
one  of  them  has  some  conducting  power.  It  is  fair  to  say  that 
between  the  two  extremes  thus  broadly  stated  is  a  field  contain- 
ing comparatively  few  substances.  The  majority  of  substances 
can  be  put  into  one  or  the  other  category. 

Ether  Waves  Produced  by  Electricity. — If  an  electric  dis- 
turbance is  produced,  the  luminiferous  ether  is  disturbed,  waves 
are  produced  in  it,  and  the  disturbance  is  propagated  through 
space.  For  waves  to  be  produced  in  a  medVMixi,  \\.  Ta.\\s\.  '^oaaesa 
restitutive  power.    Mechanical  waves  caii  \>e  ^to^mc^^^  Vcl  ^^\.«, 


ELECTRIC   QUANTITY  AND   CURRENT.  El 

!  its  partiiles  mo've  practically  without  friction  between, 
each  other,  Anj  di'sturbance  rectifies  itself  t)j  the  particles 
working  back  to  their  original  position  and  disseminating  wayes 
The  absence  of  int^rmolecular  friction  makpa  restitutive  power 
■possible.  The  force  of  gravity  is  the  force  called  on  to  effect  the 
restitutive  action  which  re&toreB  eveDtually  to  their  places  the 
partlclen  disturbed  b>  the  action  which  caused  the  waves 
Water  is  elastic  and  without  anj  vIbIWo  disturbance  can  propa 
gate  waves  of  a  totally  distinct  tipe  whose  production  is  due 
entirely  to  its  elasticity  and  not  to  ita  absence  of  friction  or  to 
its  weight.  Such  waves  are  sound  waves  Water  conducts 
sound  because  its  Plasticity  gives  It  the  restituti\e  power  re- 
quired for  the  sound  wave  The  elasticity  of  the  air  makes  it 
also  a  conductor  of  sound  and  gives  it  restitutlie  power  for  the 
sound  wave.  We  tan  hear  the  hum  of  an  insect  high  over  us  in 
the  air.  and  hardly  realize  tbat  his  minute  voral  organs  start  a 
series  of  waves  whifh  d  sturb  a  mass  of  air  of  many  tons  in 
weight.  The  diaphragm  of  a  telephone  reeeiier  acted  on  by  a 
field  due  to  the  irregular  current  induced  by  the  voice  of  a 
distant  speaker  is  forced  into  vibrations  which  reproduce  the 
voice.  The  elaBticitv  of  ihe  Iron  plate  is  the  restitutive  power 
making  possible  the  starting  of  sound  waves  from  it  as  a  new 

Action  ol  a  Conductor  —If  we  use  the  Idea  of  a  current  in 
speaking  and  thinking  of  elettric  action  we  maj  picture  to 
ourselves  the  following  reiresentatlon  of  the  action  of  a  con 
doctor.  An  electri  listurbance  if,  produced  In  ether  and  ether 
waves  are  set  in  motion  But  Just  because  the  ether  Is  restitut 
Ive,  It  resists  the  transfer  of  anything  resembling  quantity. 
Any  attempt  of  quantity  to  escape  from  a  center  through  the 
ether  is  futile.  The  elasticity  of  the  ether  throws  it  back  on 
Itself. 

But  if  a  tube  were  opened  through  the  ether,  quantities  of 
electricity  could  he  poured  through  it,  and  the  choking  effect  of 
a  restitutive  medium  being  removed,  transfer  of  quantity  could 
take  place.  This  gives  us  the  clue  to  a  useful  presentation  of 
the  canrincllon  of  electric  quantity — of  the  e\eclt\t  tAw^eali.  ft.'ys- 
Jag  throiig:b  a  conductor. 
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An  electric  conductor  such  as  a  wire  of  copper,  iron,  or 
aluminium,  can  be  pictured  as  constituting  an  ether-free  cylinder, 
a  tube  free  from  the  restitutive  ether,  and  quantities,  such  as 
coulombs,  of  electricity  can  flow  through  it. 

Crude  as  the  above  may  seem,  especially  in  view  of  the  ion 
theory,  it  presents  a  useful  analogy  for  current  transmission  by 
a  conductor. 

Time  Required  to  Produce  a  Current. — Suppose  we  had  a  long 
tube  or  pipe  through  which  we  began  to  pump  a  fluid  such  as 
water.  It  would  take  some  time  for  the  water  to  reach  the  end. 
If  a  current  of  electricity  is  started  in  a  conductor  which  has 
some  capacity,  it  takes  a  measurable  time  for  the  current  to  be 
appreciable  at  the  further  end,  and  a  considerable  time  before  it 
reaches  full  strength  at  the  further  end.  Once  it  has  attained 
this  strength,  it  can  be  maintained  indeflnitely. 

If  the  water  pipe  were  inclined  a  little  upward,  the  water 
would  take  a  measurable  time  to  reach  the  end,  and  would 
reach  it  at  flrst  as  a  thin  layer,  and  would  require  some  time 
to  be  emitted  in  full  strength.  The  gradual  increase  of  flow  at 
the  distant  end  would  be  still  better  shown  by  a  pipe  which  was 
level,  better  yet,  inclined  downward. 

Let  the  pipe  be  inclined  downward,  and  the  water  would 
flow  under  the  influence  of  gravity.  It  would  flrst  trickle  in 
drops  or  in  a  relatively  small  stream  from  the  end,  and  would 
only  gradually  acquire  the  strength  of  the  entering  current. 
This  strength  once  acquired  would  be  maintained. 

Production  of  Current. — The  water  acts  like  the  electric  cur- 
rent in  the  latter  case,  as  its  entire  mass  is  acted  on  by  gravity. 
Every  particle  is  pushed  along  individually;  it  is  not  merely 
an  end  push.  A  similar  action  is  predicated  for  an  electric  con- 
ductor. The  current  is  pictured  as  urged  through  it  by  action 
all  along  the  conductor  from  the  surrounding  ether.  An  electric 
current  is  not  due  to  a  simple  end  thrust. 

Current  Anii>ere8  and  Coulombs. — An  electric  current  then  is 

the  flow  through  a  conductor  of  a  quantity  of  electricity  caused 

by  electromotive  force.    As  a  current  is  a  thing  of  some  dura- 

^/oj7,    frequently  of  very  long  periods,   we  Yiave  \Xi   define   Its 

volume  as  it  passes  by  us,  and  say  it  is  ot  so  many  coxxVoxcife^  ^^t 
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I 
secoad,  for  instance.  We  can  save  the  enunciation  of  two  'WorilB  "by      ' 
omitting  "coulombs  per  seconii,"  and   saying  "amperes"   inatead. 
An  ampere  of  current  Is  one  coulomb  per  second.     If  an  ampere 
flows   for   one   minute,   it  is  the  transfer  of  60   eoulomba;    it  SO   - 
amperes  flow  for  one  second,  it  Is  the  transfer  of  60  coulombs 

The  electric  current  Is  caused  by  electromotive  force,  which  is 
measured  by  units  called  volts;  it  passes  through  conductors 
whose  relative  qualilies  are  generally  expressed  by  stating  their 
relative  resistances  in  units  called  ohms.  We  can  have  a  circuit 
including  an  electromotive  force  of  ten  or  any  number  of  volts, 
and  also  any  number  of  ohms.  Sucb  a  circuit  may  be  spoken  of 
from  the  standpoint  of  electromotive  force  or  resistance  as  a  ten- 
volt  circuit  or  a  ten-ohm  circuit,  but  neither  epithet  can  he 
applied  to  a  current.  The  expression  a  ten-volt  current  or  a 
hundred-volt  current,  once  so  frequently  used,  is  just  as  bad  a 
misnomer  as  such  eKpressions  as  a  ten-ohm  or  a  hundred-obm  I 
current  would  be.  I 

Current   Strength  or   Intensity.— The  intensity  of  a  current 
is   measured  and   denned  by  the  quantity  of  electricity  it  trans-       ' 
fers    in   a   unit   of   time.     It   is   the   rate   of   transfer   of   electric 
quantity.     Its  Intensity  or  strength  has  to  be  measured  in  quan- 
tity-lime   units,    such    as    coulomb-seconds,    which    are    amperes.       i 
The  latter  word  is  universally  used,  as  a  ten-ampere  or  twenty- 
ampere  current.    The  true  conception  of  an  ampere  has  presented      | 
such    difficulty   to  many   students   that  it  is    open   to   question      \ 
whether  it  would  not  be  preferable  to  use  the  double  unit  cou- 
lomb-second in  its  place.     It  is,  of  course,  too  laie  to  introduce 
any  such  change  now. 

Analogy  for  the  Ampere. — A  good  analogy  for  the  ampere  Is 
the  miner's  inch.  This  is  a  measure  of  rate  of  flow  of  water.  | 
rt  is  in  universal  use  In  the  western  mining  districts.  It  Is 
Ih"  quantity  of  water  which  will  pass  through  an  aperture  one 
inch  sauare  In  a  board  two  inches  thick  under  a  head  of  six 
inches.  The  cut,  Fig.  7.  illustrates  the  conditions.  In  one 
second  a  miner's  inch  delivers  0.1937  gallon  of  water.  Just  as 
an  ampere  Jd  one  second  delivers  one  coulomti  qI  e\ec\.tVi\\.i . 

Tbe  bead  ot  w&ter  may  be  taken  aa  represeiiUiis  eXeiA.TCi'm.ci'Ave. 
^ I 
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lorce,  and  the  obBtrUction  ottered  by  the  limited  size  Of  the  holft 
tkB  representing  resistance 

6pMd  of  a  Current— It  witi  now  be  evident  bow  absurd  is  a 
Question  otten  asked  How  long  will  It  take  (or  etectriclty  to 
go  through  a  wire  of  any  given  length  aucb  as  the  Atlantic 
cable'  The  first  trace  of  current  may  go  through  with  the  ■ 
velocity  of  tight  but  it  will  tahe  a  measurable  time  for  the 
current  to  attain  sufQclent  strength  to  affect  the  telegraphic 
instruments  in  use  on  the  line     It  is  not  even  a  Question  of  the 


Fig.  T.— Xhr  MiHBa's  Ihch  Analooy 


velocity  of  propagation  of  an  electric  disturbance — It  is  a  ques- 
tion of  charging  a  conductor  of  tangible  and  perhaps  very  great 
capacity. 

Arrival  Curve. — The  current's  slow  growth  at  the  end  of  a 
long  conductor  is  indicated  by  a  wave-like  curve.  In  sea  cables 
this  arrival  curve,  as  it  is  called,  is  rendered  more  abrupt  by 
the  use  of  condensers.  To  illustrate  how  slowly  a  current  may 
reach  its  full  strength,  the  Atlantic  cable  worked  directly  may 
be  cited.  Starting  with  it  uncharged  and  connecting  it  as  part 
of  a  circuit,  108  seconds  would  be  required  before  the  current 
would  attain  9/10  of  its  full  value.  In  1/5  second  it  would  attain 
lyica  of  Its  full  value.  Theoretically,  an  inflnite  time  would  be 
regalred  for  attaiaing  the  full  strenglb  ot  Ibe  ortsV-atA  i; 
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This  feature  of  Blow  growth  of  current  Is  greatly  diminished 
In  extent  by  the  use  of  condensers,  so  that  the  above  example  is 
not  a  pt^etlcal  one. 

Direction  of  a  Current.  Memoris  Te^bn'ca.— The  idea  of 
a  moving  ot  or  transferring  of  electric  quantity  tlirough  a  con- 
dtictor  impiies  a  direction  of  the  current  thus  fortneiJ.  This 
direction  has  to  be  eatablished  on  conventional  grotinds.  To 
remember  it,  we  may  refer  to  the  galvanic  battery  for  a  con- 
venient memoria  technica.  In  the  battery  the  zinc  plate  is  the 
active  one.  The  other  plate  may  be  pictured  to  the  mind  as 
merely  gathering  electricity  and  delivering  it  to  the  conductor. 
The  current  In  the  outer  portion  of  a  galvanic  battery's  closed 
circuit  flows  from  the  copper,  platinum,  or  carbon  plate  to  the 
zinc  plate.  The  letters  of  the  alphabet  give  the  clue,  as  a,  stand- 
ing for  zinc,  is  the  last  letter  of  the  alphabet,  and  the  zinc  Ib  the 
last  to  receive  the  current. 

Field  ot  Force  and  LInea  of  Force  One  to  Current.— Tha 
ether  surrounding  a  coniiuclor  seems  to  play  a  pan  in  urging 
a  current  through  it.  In  electricity  everything  goes  by  recip- 
rocals, and  a  current  affects  the  ether  which  surrounds  It.  It  is 
thrown  into  a  state  of  streaa.  circular  lines  of  force  which  build 
up  a  sort  of  cylinder  around  the  conductor  being  formed. 

Every  impulse  of  electric  current  that  goes  through  a  telegraph 
wire  produces  circular  lines  ot  force  around  the  wire,  somewhat     . 
as   If   tt    was   thickly    strung   with    rings.     This   occurs    for   the      i 
whole  miles  of  length  of  the  wire.     Once  produced,  the  lines  oC 
force  peraiHt  as  long  as  the  current  lasts.  1 

Electromotive  Force. — This  may  be  defined  as  electric  prea- 
Bure  which  under  certain  conditions  causes  electric  current.    It     | 
Is  comparable  to  the  pressure  of  steam  In  a  boiler,  which  will     | 
force  a  current  of  steam   through   an   opening,   just  as   electro-      | 
motive  force  will  force  a  current  of  electricity  through  a  con- 
ductor.    It  ia  not  energy,  but  appears  as  a  factor  ot  energy  in  the     ' 
Joule  or  vo!t-couloml).  and  as  a  factor  of  power  in  the  watt  or 
TOlt^mpere.     The    practical    unit   of   electromotive   force   is   tha 
volt,  and  the  term  voltase  is  often  used  as  a  synonym  of  electro-     . 
motive  force,  as  is  also  ihe  expression  potential  difference,  drop 
of  potential,  or  dilTerence  of  potential,    As  tj\\\  X^e  aesn.  \a.\s.t. 
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there  is  a  distinction  to  be  noted.  Electromotive  force  is  often 
written  in  abbreviated  form  as  E.  M.  F.  or  e.  m.  f.,  and  is  often 
spoken  of  by  these  three  letters. 

Production  of  Electromotive  Force. — It  is  produced  in  vari- 
ous ways.  If  chemical  changes  are  allowed  to  take  place  in 
obedience  to  chemical  aflftnity,  electric  energy  is  set  free,  and  the 
e.  m.  f.  constituent  of  it  is  produced.  Mechanical  energy  can  by 
the  dynamo-  or  magneto-genwator  be  converted  into  electrical 
energy,  and  electromotive  force  appears.  The  economical  pro- 
duction of  electric  energy,  with  the  inevitable  impressment  or 
production  of  electromotive  force,  is  one  great  object  of  the  study 
of  the  electric  engineer. 

Dynamic  and  Static  Electricity. — Electricity  in  the  mani- 
festation called  a  current  is  treated  as  dynamic  electricity.  The 
current  can  never  exist  without  the  coexistence  of  electromotive 
force.  Electromotive  force  can  exist  without  a  current.  The 
latter  condition  is  called  static  electricity. 

Electromotive  Force  and  Energy. — It  is  fair  to  say  that  elec- 
tromotive force  is  always  associated  with  some  form  of  electric 
energy.  An  instance  of  static  electricity  is  a  stick  of  sealing 
wax  rubbed  upon  the  coat  sleeve.  This  has  a  very  high  electro- 
motive force  impressed  upon  it,  and  if  connected  to  the  earth 
will  produce  a  current.  The  electromotive  force  while  in  the 
static  condition  was  a  constituent  of  potential  electric  energy. 
This  statement  is  a  broad  one,  but  expresses  the  general  condi- 
tion, and  like  other  broad  statements  may  be  open  to  some  modi- 
fication. 

One  of  the  most  familiar  sources  of  electromotive  force  is  a 
galvanic  battery.  On  closed  circuit  this  will  maintain  a  current 
due  to  electromotive  force  produced  by  chemical  change.  The 
existence  in  a  battery  of  chemical  combinations  or  substances 
whose  affinities  call  for  chemicaf  change,  shows  the  presence 
therein  of  potential  energy.  As  long  as  the  elements  of  the 
battery  tend  to  satisfy  their  affinities  by  chemical  change,  so 
long  will  they  represent  potential  energy  and  will  maintain 
electromotive  force. 

When  the  battery  becomes  exhausted,  the  chemical  affinities 
z?<?  Jonser  strive  to  he  satisfied  as  before,  and  the  electromotive 
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force  disSippears  BimuUaneously  with  tbe  potential  energy  of  the 
battery. 

If  the  battery  Is  on  cloeed  circuit,  the  electromotive  force  pro- 
duces a  current,  aud  active  or  kinetic  electric  energy  appears. 
If  the  battery  ia  on  open  circuit,  electromotive  force  is  still 
there  as  a  component  of  Inactive  potential  electro -chemical 
energy. 

Suppose  a  wire  ring  cut  In  one  place  were  moved  across  the 
field  of  an  electro- mag  net.  If  this  were  done  in  a  certain  way, 
electromotive  force  would  be  Impressed  upon  the  ring.  If  while 
so  moving  its  ends  were  tested,  they  would  cause  the  reading 
of  a  voltmeter  to  show  the  presence  of  voltage  on  the  circuit. 
The  energy  element  of  this  combination  Is  purely  potential  as 
long  as  the  ring  is  discontinuous,  A  voltmeter  may,  as  said 
above,  be  used  to  close  the  gap,  when  energy  will  at  once  ap- 
pear, because  a  current  passes  through  the  winding  of  the  volt- 
meter. This  is  another  example  of  the  association  of  electro- 
motive force  with  potential  energy. 

In  the  mechanical  world  the  analogous  condition  obtains.  It 
Is  hard  to  conceive  of  force  except  in  coexistence  with  po- 
tentlaJ  or  kinetic  energy.  A  mass  of  matter,  a  stone  or  weight, 
solicited  by  gravity  represents  force,  and  also  potential  energy, 
because  if  released  it  will  fall  and  develop  kinetic  energy. 
But  place  it  at  the  center  of  the  earth,  and  it  will  no  longer 
tend  to  fail;  it  will  lose  its  power  to  produce  kinetic  energy,  and 
It  will  cease  to  possess  weight.  Force  will  disappear  because 
gravity  no  longer  acts  upon  the  body,  and  simultaneously  with 
the  disappearance  of  force,  potential  energy  will  disappear,  be- 
cause the  body  in  its  new  position  can  no  longer  produce  kinetic 
energy.  The  force  centered  In  the  body  disappears  simultaneouH- 
ly  with  the  potential  energy  due  to  that  force  and  to  Its  position  . 
wllh  reference  to  the  earth.  The  comparison  excludes  cosmic 
forces;   it  refers  only  to  terrestrial  gravity. 

Conservation  of  Electricity.— The  cause  of  electromotive 
force  is  conveniently  referred  to  the  assumption  that  there  are 
iwo  kinds  of  electricity,  positive  and  negative.  Or  If  It  Is  de- 
sired to  avoid  any  revival  of  the  old  double  fluid  ^eT^xsa  ^V.-a^ia 
Bold  controversy,  a  change  in  nomenclatviTe  ^tt\  ettwil  W,  ■^•s 
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may  term  the  two  klnde  of  electric  disturbanee  positive  and 
negative  excitation  or  charEing.  A  posi lively-charged  body  at- 
tracts 3  negatively-charged  one,  and  in  tills  attraction  Is  to  be 
Bouglit  tlie  cause  of  current,  whicli  cause  is  electromotive  forte. 

Whenever  one  object  la  posHlvely  charged,  an  opposite  or  posi- 
tive charge  Is  imparted  to  some  other  object  or  objects,  which, 
iheoretlcaily  may  be  even  the  celestial  bodies.  This  opposite 
charge  la  equal  in  amount,  so  that  a  sort  of  analogy  to  the 
doctrine  of  the  conservation  of  energy,  is  found  In  electricity. 
The  algebraic  sum  of  the  positive  and  negative  electricities  or 
electrical  charges  In  the  universe  is  equal  to  zero. 

This  doctrine  has  been  called  the  Law  of  the  Conservation  of 
Electric  it  V 

Electromotive  Force  and  the  Static  Charge  — The  conception 
of  the  necessary  existence  of  an  opposite  charge  for  eiery  iharge 
of  electricity  and  of  the  fact  that  any  object  may  act  In  tins 
rtile  la  very  important  It  tells  against  the  conception  ot  elec 
tromotiye  force  as  a  simple  pressure  or  push  but  fiUggest'a  that 
It  must  operate  In  some  way  on  both  extremities  of  a  circuit  in 
opposite  senses  or  over  the  a  hole  length  of  a  conductor  Tak 
Ing  an  analogy  from  evervday  mechanics  it  suggests  a  bar  < 
moved  in  the  direction  of  its  length  by  a  pull  at  one  end  and  a 
push  at  the  other  end  of  the  bar  gnen  toKetber  at  the  same 
time  The  value  of  this  analogy  is  to  prevent  the  Idea  that 
electromotive  force  acts  only  on  the  end  of  a  conductor  pushing 
electric  current  through  it  Although  the  action  is  still  the  ob 
ject  of  theorizing,  It  is  certain  that  i(  ia  not  ao  simple  as  that. 

Electromotive  Force  In  Thunder  Clouds. — When  a  cloud  be- 
comes charged  with  electricity,  the  earth  becomes  charged  op- 
positely. The  two  tend  to  combine,  and  the  tendency  may  be- 
come so  intense  under  enormously  great  electromotive  force 
that  the  opposite  electricities  combine  in  a  series  of  currents  of  ' 
inconceivably  short  duration,  and  which  surge  back  and  forth, 
also  for  an  infinitesimal  space  of  time,  and  constitute  the  light- 
of/JS  stroke.  1 

Tbere  the  electromotive  force  may  mown\.  Vnlo  wAW^oti*  ot 
<v/rs,  autf  project  a.  large  quaD"""  "'  e\ecV.i\(A\.7  iVton^  ■*.» 
oai-raous  reBtet&uce  Of  a"  "estrw^A-se  etteiAii. 
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no  trivial  force  that  splitH  trees  as  we  see  them  when  light 
nlng   has   struck   them     especially   nhen    we   realize   that   but   a 
small  portion  of  the  stroke  may  have  been  exerted  on  the  tree      1 
the   majority  expending  Itself  on   reaching  the  tree  through  the 
air.     Irreguiar   tubes   ol   melted    sand    are   bometimes    found    lu 
the  earth      These  have  been  formed  by  the  heat  of  the  electric     J 
discharge   of   lightniBg         \   very    tangible   quantity   of   heat   is 
needed  to  eftfct  the  mi^lting      When  we  reali/e  that  it  is  done  in     ' 
an  ioflniteslmal  bpace  ot  time,  it  Is  evident  that  the  rate  of  heat    | 
energy  and  of  electric  energy  (watts)  causing  It  is  very  high 

The  action  of  electromotive  force  in  the  disruptive  discharge  I 
of  electricity,  such  as  that  seen  In  the  Ijeyden  Jar  dihtharge  or  la  • 
the  lightning  stroke,  is  far  different  from  Its  antion  in  producing 
an  ordinary  current  such  as  passes  through  a  wire  of  an  electric 
circuit  The  violent  discharge  of  the  jar  or  of  the  lightning 
beats  back  and  forth  somewhat  like  a  rebounding  ball  but  It  iB 
the  same  electromotive  force  that  is  operative  in  producing  the 
minute  currents  that  affect  the  telephone  The  lightning  dis- 
charge, with  its  oscillations,  is  comparable  to  the  alternating 
currents  of  telephony  somewhat  as  are  bonad  wave""  in  air  to 
light  waves  in  the  ether  from  the  standpoint  of  frequency  The 
two  are  cited  as  illustrations  of  the  e-^tremes  of  electromotive 
force.  That  of  the  lightning  is  almost  immeasurable  on  account 
ot  Its  magnitude,  that  of  the  telephonic  ilrcuits  is  the  same 
on  account  of  its  minuteness  A  Hgbtning  stroke  a  mile  in 
length  is  calculated  to  absorb  an  electromotive  force  of  5,000,- 
000,000  of  volts,  the  telephone  current  calculated  at  about  1/100 
of  a  microampere,  requiring  an  electromotive  force  of  about 
1/1.000,000  of  a  volt  for  lis  development  *.n  electromotive  ! 
force  of  one  volt  Is  a  little  less  than  that  of  a  Daniell  cell  in 
good  order,  I 

Electromotive  Force  the  Cause  of  Current.— The  electric  i 
current  Is  caused  to  flow  through  a  conductor  by  electromotive  | 
force.  Aa  all  conductors  possess  some  resistance,  and  as  a  con^  i 
atant  current  once  started  moves  througb  each  pa.T\.  ol  Ovft  lam.- 
with  equal  intensity,  we  should  anticipate  I'fiaX  e\«iW(i- 
lOive  would  be  expended  In  driving  tbe  cvccTeM,  v:Ma>Mea 
'^or  the  conductor.     This  Is  wtval  actuaWy   ottWft- 
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Drop  of  Potential. — We  start  at  the  origin  with  a  definite 

electromotive  force,  and  it  grows  less  and  less  as  we  progress 

E 
along  the  line.    Ohm's  law  (page  18)  expressed  as  R  =-|- tells  us 

that  the  electromotive  force  varies  with  the  resistance.    Hence 

if  from  beginning  to  end  of  a  conductor  a 
drop  of  10  volts  is  observed,  then,  for  every 
portion  of  the  conductor  of  1/10  its  total  re- 
sistance, a  drop  of  1  volt  exists. 

Analogies  of  Drop  of  Potential. — A  sim- 
ple analogy  may  be  taken  from  a  wire,  Fig. 
8,  hanging  vertically  from  a  bracket  and 
subjected  to  twisting  at  its  lower  end.  To 
show  the  action  pointers  are  to  be  fastened 
to  it  at  intermediate  points  of  its  length, 
projecting  at  right  angles  from  the  wire. 
As  the  bottom  is  twisted,  each  pointer  turns 
through  an  arc.  The  pointer  nearest  the 
bottom  turns  through  the  longest  arc,  that 
•  nearest  the  top  through  the  shortest  arc, 
and  the  intermediate  ones  through  arcs  pro- 
portional in  length  to  their  distance  from 
the  end.  If  the  degrees  through  which  the 
pointers  move  are  treated  as  volts,  the  drop 
in  volts  along  a  wire  conducting  a  current 
is  illustrated,  the  twist  representing  the  cur- 
rent. 

As  the  degrees  through  which  the  pointers 
move  grow  less  and   less  as  remoter  from 
the  twisted  end,  so  in  a  conductor  the  volt- 
age drops.    The  current  is  the  same  through- 
out it,  and  in  the  twisted  wire  every  part 
of   its   length   is   subjected   to   an   identical 
twisting  strain. 
Another  excellent  analogy  is  shown  in  Fig.  9.    A  horizontal 
pipe  conducts  water.    It  has  vertical  pipes  connected  to  it  along 
its  top.    The  height  of  the  column  of  water  in  each  of  these  indi- 
^at&^  the  pressure  at  that  point     It  is  evident  that  \1  ^W\  )oft  \^^ 
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ftDd  loGG  as  the  outer  end  of  the  pipe  is  reached.  The  difference 
ot  height  of  any  two  neighboring  water  columns  indicates  the 
hydraulic  drop,  an  enact  analogy  of  the  electromotive  force  drop. 
Electromotive  Force  and  OUfereoce  of  Potential. — There 
are  two  terms  which  are  almost  aynonymous,  yet  which  have  a 
distinction  one  from  the  other — electromoilve  force  and  differ- 
ence of  potential.  If  a  difference  of  potential  Is  maintained  be- 
tween the  enda  of  a  conductor  or  between  any  two  points  on  It, 
a  current  will  pass.    The  Intenstty  of  this  current  can  be  da- 


Fia.  ».— Hturahijo  A 


termined.  the  resistance  of  the  circuit  can  be  determined,  and  the 
product  of  the  two  will  give  the  dltference  of  potential.  A  Bult- 
abla  instrument  of  the  galvanometer  type  can  be  connected  to 
the  two  potntB  on  the  circuit,  and  its  reading  will  give  the  differ- 
ence   of   potential,   usually    in   volts,   fractions   of  or    multiples 

ot  TOUs. 

This  is  simple  enough.  A  complete  electric  circuit  may  next 
be  considered,  conslBtlng  of  a  galvanic  battery  and  an  outer 
circuit  connecting  Its  terminals.  The  resistance  ot  the  battery 
is  determined,  and  also  that  of  the  outer  circuit.  On  clostn^  the 
circuit  a  current  /jasses,  and  Its  iiitena\ty  la  46Vfti:m'vii.e&.  'Jre. 
multipiyiag  the  sum  ol  (iese  resistances  fey  Ite  cutTeo.!  'UA^M.'i.V:^ , 
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we- have  as  before  what  appears  to  be  a  difference  of  potential. 
Bat  if  we  try  to  determine  the  difference  of  potential  by  an  in- 
stroment,  such  as  a  yoltmeter.  we  can  find  no  two  places  tc 
j  which  to  connect  its  terminals,  so  that  it  will  show  the  difference 
j  of  potential  we  have  determined.  Its  readings  are  always  less. 
i  If  a  number  of  electromagnetic  lines  of  force  are  forced  to 

thread  themselves  through  a  closed  conducting  circuit,  such  as  a 
ring  of  wire,  a  current  of  electricity  will  pass  through  it  as  long 
as  the  lines  of  force  increase  or  diminish  in  number.  The  cur- 
rent will  continue  to  pass  as  long  as  any  change  in  their  num- 
ber occurs,  and  the  more  rapid  the  rate  of  change,  the  more  in- 
tmse  will  be  the  current.  Multiplying  the  resistance  by  the 
i  current  as  before,  we  get  what  we  might  be  disposed  to  term  a 
I  differmoe  of  potential.  But  on  applying  our  voltmeter,  we  can 
I  find  no  two  points  of  the  circuit  between  which  more  than  one- 

half   the   difference   of   potential    required    to   account   for   the 
current  exists. 

The  current  is  due  to  the  electromotive  force.     If  we  could 
ccmnecC  a  voltmeter  to  two  consecutive  points  of  me  circuit,  and 
force  it  to  indicate  the  difference  of  potential  existing  between 
i  them  the  long  way  around,  we  should  find  it  equal  to  the  electro- 

!  motive  f(wre.     But  there  is  no  way  of  doing  this.     The  term 

'  dUI<er«ice  of  potential  alwa3rs  indicates  the  true  difference  exist- 

ing between  points,  which  is  the  minimum  one.    No  hypothetical 
maximum  is  allowed  for. 

Electromotive  force  includes  difference  of  potential  as  one  of 

its  phases  and  measures.    But  many  cases  occur  in  which  it  goes 

I  beycmd  differaice  of  potential,  and  prcMluces  a  current  perhaps 

i  twice  as  great  as  could  be  accounted  for  by  simple  potential 


VttlbiSe. — ^This  word  is  almost  a  synonym  of  potential  differ- 
ence, except  that  it  includes  the  idea  of  its  measurement  in 
voltsL  Applied  to  an  open  circuit,  it  may  be  identical  with  the 
riectromo^Tve  forre  existing  in  that  circuit. 
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The    Electric    Circuit.— The  existence  for  any  time  of  a  cur-       ! 
rent  of  electricity  always  Implies  the  existence  of  what  ia  called 
a,    circuit.     If   two    surfaces    are   oppositely    charged,    they    may        | 
discharge    into   each   other,    but   the    discharge   will    last   but   a 
minute  fraction  of  a  second  and  will  not  he  a  continuous  current. 
A  reservation  might  be  made  In  the  case  of  a  circuit  actuated 
by  a  battery,  hut  the  electrolyte  o£  the  battery  la  always  treated       • 
as  a  conductor. 

Con^tttutioit   of  a    Circuit.— it  consists  of  a  conductor  whose 
ends  are  connected  when  in  action;   when  they  are  disconnected 
temporarily,   it  Is  an  open   or   broken   circuit.     When   completed        J 
and  connected,  so  that  It  forma  a  re-entrant  path  for  the  cur-       ( 
rent  to  flow  around,  It  is  called  a  closed  circuit.     It  Is  called       i 
circuit  because  its   ends   are   to  be  Joined,   making  a  sort  ol       I 
irregular  circle,  closed  loop,  or  endless  path  for  the  current  to 
BO  through.     A  straight  piece  of  conducting  material,  such  as  a 
piece  of  wire  or  metallic  rod,  could  be  used  to  carry  a  momentary 
current  or  discharge  of  electricity,  but  this   would  not  properly 
be  an  electric  circuit. 

A  lightning  rod  may  offer  a  perfectly  straight  path  for  the 
discharge  of  a  thunder  clouii,  and  powerful  electric  currents  may 
surge  back  and  forth  through  it,  currents  which  would  make 
the  metal  of  the  rod  fairly  explode  in  a  white-hot  shower  of 
melted  metal,  were  they  not  of  such  inconceivably  short  dura- 
tion.    This  1b  a  conductor  only,  not  a  circuit. 

The  galvanic  battery,  with  the  conducting  "wlie  io\ii\.ii%  \\a 
i-nds  In  electrical  bonds,  gives  a  continuous,  «ni\eBS  patti  lt>\ 
electrical  action.     The  dynamo   with    its  outer  ciTGuit  4oea  *» 
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same.  The  telegraph  system  or  the  overhead  trolley  system, 
using  the  earth  alone  or  in  part  for  the  return  current,  is  treated 
as  an  electriq  circuit.  The  earth  is  taken  as  representing  a  con- 
ductor, although  its  function  may  not  be  strictly  that  of  a  con- 
ductor. 

Condensers  in  a  Circuit — A  condenser  consisting  of  two  con- 
ducting surfaces,  separated  by  insulating  material,  operates  as 
an  absolute  break  in  the  continuity  of  a  circuit.  For  a  continu- 
ous direct  current  a  condenser  in  a  circuit  would  open  it  as  { 
effectually  as  an  open  switch  would.  Where  short  pulses  of  cur- 
rent are  to  be  transmitted,  condensers  may  be  introduced  in  the 
line.  This  is  often  done  in  submarine  cable  and  telegraph  prac- 
tice. These  break  the  circuit  for  the  passage  of  a  consecutive 
current,  but  the  dots  and  dashes  of  the  Morse  code  are  better 
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transmitted  than  by  a  through  metallic  connection.  Such  an 
arrangement,  illustrated  diagramatically  in  Fig.  10,  is  called  a 
circuit. 

Open  and  Closed  Circuits. — If  electric  conductivity  exists  all 
through  the  length  of  the  circuit  without  any  break,  it  is  called 
a  closed  circuit.  A  prisoner  within  it  would  be  closed  in  by  it. 
To  get  out  he  would  have  to  find  or  make  an  opening.  An  elec- 
tric circuit  with  such  an  opening  is  called  an  open  electric  cir- 
cuit. Once  the  conception  of  an  electric  circuit  as  a  closed  ring 
of  conductors  is  formed,  the  meaning  of  open  and  closed  circuit 
is  fixed  in  the  mind.  To  pull  a  switch  away  from  its  contact 
point,  mechanically  speaking,  opens  the  switch.  This  opens  any 
c/rcujt  of  which  it  forms  a  part,  and  the  cItcmII  "beeoTCi^^  «.tl  ck^^x^ 

circuit     If  the  switch  is  closed,   the   clrcuil  "becomes  «.  cX^^^^ 
^iT-ci/ie. 

^-w/i^lKftAoii^  Appliances  .—An  electric   circuVl  e\^^^^  ^^ 
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with  a  current  passing  through  it  may  be  composed  of  a  simple 
conductor  without  any  generator  or  other  appliance  in  it.  A 
piece  of  wire  with  its  ends  joined,  constituting  a  metallic  ring 
or  loop,  may  become  an  electric  circuit.  All  that  is  necessary 
is  to  move  it  across  a  magnetic  field  of  force,  so  as  to  cut  lines  of 
force  under  certain  conditions,  and  a  current  will  go  through  it, 
and  it  will  become  an  electric  circuit.  Conditions  for  carrying 
it  out  are  shown  in  diagram  in  the  cut.  Fig.  11. 


^ss 


Fig.  11.— Rino  Moving  in  Field  of  Force  nin>BR  Conditions 

Producing  a  Current. 


Appliances  and  Generator  in  Circuits. — Current  is  produced  in 
a  circuit  by  electromotive  force  impressed  upon  it,  and  in  very 
many  cases  a  generator  or  several,  such  as  dynamos  or  bat- 
teries, form  part  of  the  circuit.  Appliances  for  utilizing  the  cur- 
rent, such  as  lamps  and  motors,  may  also  be  included.  In  calcu- 
lating the  resistance  of  the  circuit,  all  must  be  taken  into 
account. 

A  galvanic  battery  may  be  in  circuit  with  miles  of  wire  in 

measuring  apparatus  wound  in  thousands  ot  coii\o\\3iWo\i^.   '^V's^ 

battery  may  include  a  number  of  plates  ot  carXiOTi  a\i^  'Lme.  ^\:^^ 

ItaJf  as  many  separate  cups  of  solution.     Or  eacYi.  e\i^  t£v^^  ^c 

tain  two  solutions,  kept  imperfectly  apart  by  poxou^  ^\^^\v^^^ 
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or  by  the  difference  in  specific  gravity  of  the  solution.  Switches 
or  contact  plugs  may  come  in,  galvanometers  or  other  apparatus, 
but  the  whole,  complicated  as  it  may  be,  constitutes  an  electric 
circuit. 

Electrolytic  Conductors. — If  we  take  the  case  last  cited,  we 
see  that  the  current  has  two  kinds  of  conductors  provided  for  it, 
one  metallic  and  the  other  liquid.  Through  the  liquid  portion, 
except  perhaps  for  a  very  small  fraction  of  the  current,  no  ordi- 
nary conduction  of  electricity  takes  place.  As  the  solution  is 
decomposed,  electrical  excitation  accumulates  on  the  plates  and 
is  discharged  through  the  outer  circuit  by  true  conduction. 
Within  the  battery  decomposition  of  the  water  group  takes  place, 
and  electrolytic  conduction  takes  place,  something  quite  distinct 
from  true  conduction. 

An  electric  circuit  may  provide  true  conductors  for  part  of 
the  circuit,  and  electrolytic  conductors  for  another  part. 

Actions  of  a  Circuit. — A  circuit  is  the  seat  of  three  things — 
electromotive  force,  resistance,  and  current.  The  current  pro- 
duced in  a  closed  circuit  by  a  given  electromotive  force  is 
modified  by  the  resistance  of  the  entire  circuit,  and  an  identical 
current  exists  in  all  parts  of  it,  whatever  the  local  resistance 
may  be. 

Although  current  is  not  energy,  it  cannot  pass  through  a 
conductor  except  at  the  expense  of  energy,  and  whenever  a  cur- 
rent is  passing  through  a  conductor,  energy  is  being  expended 
therein.    Every  part  of  an  active  circuit  is  a  seat  of  energy. 

This  being  the  case,  it  follows  that  in  every  part  of  the  cir- 
cuit electric  energy  disappears  and  some  other  form,  usually 
heat  energy,  is  produced  in  its  place.  If  we  take  one  point  of  the 
circuit  as  our  standard  of  reference  or  point  of  departure,  as 
we  go  from  it  we  should  look  for  a  drop  of  some  kind.  The  direc- 
tion of  an  electric  current  is  so  very  hazy  a  conception  that  we 
cannot  prescribe  any  direction  in  which  a  drop  should  take  place. 
Abandoning  d  priori  deductions,  we  can  go  right  to  the  fact. 

In  any  portion  ot  an  active  circuit  we  shall  find  an  identical 
current    Between  any  two  points  of  an  acUve  e\Te\i\l  ^^  ^\iia>\ 
«o</3  difference  in  potential  by  using  any  ot  t\ie  u«»Ma\  m^^^^Vm^ 
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When  a  current  is  passing  through  a  conductor,  the  electro- 
motive force  causing  it  is  shown  in  the  existence  of  a  differ- 
ence of  potential.  The  difference  of  potential  between  any  two 
parts  of  an  active  circuit  is  called  the  drop  or  fall  in  potential. 

We  now  see  how  every  portion  of  a  circuit  carrying  a  current, 
which  is  not  energy,  is  a  seat  of  energy;  the  drop  of  potential 
causing  the  current  is  the  necessary  element.  Current  multi- 
plied by  potential   difference  is  power  or  rate  of  energy,  and 


Fig.  12.— Multiple  Abo  or  Parallel  Oonnsotion. 

wherever  current  exists,  a  potential  difference  exists  with  it. 
This  refers  to  practical  conditions,  not  to  atomic  or  molecular. 
Later  the  conception  of  the  wattless  current  will  be  given,  and 
may  appear  to  be  somewhat  opposed  to  this  statement,  but  the 
actual  existence  of  a  wattless  current  is  open  to  discussion. 

Parallel  and  Shunt.— "In  parallel  with,"  "in  shunt  with," 
"in  multiple  arc,"  and  similar  expressions  involving  these  words 
indicate  a  division  of  the  conductor  into  two  or  more  branches 
which  reunite,  so  that  the  current  is  divided  among  them. 
'Branch"  applies  in  the  same  cases.  Fig.  12  shows  six  appli- 
ances in  parallel,  or  in  multiple  arc. 

Series. — A  series  connection  indicates  that  one  appliance  fol- 
lows another,  as  shown  in  Fig.  13. 


Fig.  13.— Series  Connection. 

Series    ilultiple. — This    indicates   a   connection   in   series   of 
such  groups  of  lamps  as  shown  in  Fig.  14.  Eae\i  ^tqw^  Xvas.  \a 
pass  the  same  current. 

Multiple  Series.— This  connection  is  sYio^u  m  ^\?>.  ^"^^    "^^  '^ 
analos:ous  to  multiple-arc  connection,  and  eacYv  ^et  ol  \^tsi^'^ 
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series  has  approxfmatelf  the  same  drop  of  potential  if  the  two 
main  leads  are  large  enough. 


FlO.  1G.-MDLTIFI.E  SKBiea  Conhection. 

Series  and  Parallel —The  expression  three  in  series  and  two 
in  parallel  indicates  that  there  are  a  total  of  3  X  2  ^  6  appliances 
arrangeil  in  two  parallel  series  of  three  each,  as  shown  in  Fig.  16. 
Two  in  series  and  three  in  parallel  indicates  that  six  appliances 


are  arranged  in  three  parallel  series  of  two  cells  each,  as  shown 
in  Fig,  17.  This  class  of  expression  can  be  varied  indefinitely, 
as  ten  in  series  and  five  in  parallel  and  the  like. 
farter  Circuit  means  the  portion  ol  a  c\'cca\t  tiol  \n'Aa4fta  In.  an 
appliance.  Thus  a  storage  battery  cltcwVl  iBVstiX.  \Mc\ai&  'i.  \\siw 
■^e  ^ire.  motore,  and  lamps.     The  line  ^Vie,  moXoTS,  M^i  \w«B' 
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would  be  the  outer  circuit;  the  full  circuit  would  include  them 
and  the  battpry. 

Short  Circuit.— If  from  one  terminal  of  a  motor  a  conductor 
was  carried  to  the  other,  it  would  be  a  shunt  for  the  motor, 
and  if  of  low  resistance  compared  to  the  motor,  it  would  "short-  ' 
circuit"  the  motor.  A  conductor  of  low  reaistance  in  parallel 
■with  one  of  high  resistance,  or  in  parallel  with  an  appliance  ab- 
sorbing a  large  drop  in  potential,  la  a  short  circuit  for  the  other 
conductor  or  appliance,  and  Is  said  to  shori-circuit  U. 

Conductiblllty,    Conductance,  and    Conductivity.— The   prop- 
erty of  conducting  electricity  Is  called  conductibility.    The  con-      ; 
ducting  power  of  any  conductor  is  called  its  conductance.    The 
specific  conducting  power,  which  is  the  relative  power  compared 
with  a  standard,   is  termed  conductivity. 

The  conductance  of  a  conductor  depends  on  several  things. 
The  longer  it  is,  the  less  will  be  its  conductance;  while  the 
thicker  or  greater  in  cross  section  it  Is,  the  greater  will  be  ila 
conductance,  Anylliing  which  lowers  the  conductivity  of  a  con- 
ductor affects  also  its  conductance,  and  In  the  same  way.  The  ' 
conductivity  of  a  conductor  )s  its  relative  or  its  specific  conduct-  i 
ing  power  as  compared  with  other  conductors.  It  is  expressed 
on  the  basis  of  a  valuation  of  the  conductivity  of  the  beat  con- 
ductor as  one  hundred. 

As  Ohm'a  law  was  originally  stated  for  resistance,  the  quality 
of  conductance  is  little  used,  its  reciprocal,  which  la  resistance, 
being  universally  used  In  electrical  calculations.  It  la  a  pity 
that  this  is  the  case,  but  units  of  resistance  will  always  remain  in 
use  by  the  engineer.  It  has  a  positive  action  in  the  production  . 
of  light  and  heat.  Without  resistance  electric  lamps  and  heating 
effects  of  the  current  would  be  impossible. 

ReBlstance. — Resistance  !s  the  reciprocal  of  conductance.    It 
1 

Is   expressed   by  — — —  and    is    a    conception   inferior   In 

conductance 
every  way  to  conductance,  but  has  been  bo  woven  \iAo  Vti'a  ft^V 
ence  that  It   will  always   be   used    in   preterence  to   coTii-acXwitft.. 


thinks  of  a 

miles  of  country  to  resist,  ttie^ 


^  „  *  copper  wire  as  an  electric  Tea\atet 

graph  line  Ib  not  laid  over 
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in 


of  electricity.  An  attempt  baa  been  made  to  create  B  unit  of  con- 
ductance equal  to  tbe  reciprocal  of  the  ohm.  It  was  proposed  by 
Sir  William  Thomson  {now  Lord  Kelvin)  to  give  it  the  ratlier 
barbaric  name  of  mAo.  In  the  interest  of  etymology  it  was 
fortunate  tbat  it  waa  abandoned,  ae  In  the  Interest  of  science 
It  is  unfortunate. 

The  n^ative  aspect  of  resistance  appears  in  its  definition  as 
the  property  of  an  electric  conductor  by  which  it  opposes  the 
passage  of  an  electric  current.  Specific  reaiatance  is  the  rela- 
tive resistance  of  a  material;  this  should  be  called  resistivity. 
Resistance  is  generally  used  to  Indicate  the  resistance  of  some 
specific  conductor,  euch  as  actually 
in  use  or  liable  to  be  employed  In 
practice. 

Reslstooce  and  Energ^;,^ — When 
a  current  Is  passing  through  an  elec- 
tric circuit,  electromotive  force  has 
to  be  expended  to  drive  it  through, 
as  tbe  resistance  of  tbe  circuit  op- 
poses the  transmission  of  current, 
and  the  current  driven  by  electro- 
motive force  through  a  resistance 
indicates  the  expenditure  of  electric 
energy.  The  conductor  of  definite 
resistance  through  which  the  cur- 
rent Is  thus  forced  becomes  hot,  and 
thia  proves  that  energy  has  been  ex- 
pended upon  it.  The  energy  can  only 
have  been  obtained  through  the  electric  current  and  electromotive 
force.  Energy  results  from  an  electric  current  passing  through 
a  resistance.  If  different  parts  of  a  circuit  differ  in  resistance, 
the  heating  effects  will  be  greatest  at  tbe  points  of  greatest 
resistance.  I»cal  resistance  localizes  energy  in  a  circuit. 
If  a  conductor  through  which  a  current  is  passing  is  immersed 
vessel  ot  cold  water,  it  will  heat  the  -watei,    K  ttMrnometer 


Via.  13.— Electbio  Calobi- 


TTbose  bulb  la  in  tbe  water  will  indicate  a  i^ae  ta.  ftvft  VftTo^w^Lr 
■!/re.  The  apparatus  (the  electric  calotlmeter^  te  ata^ii  \ti  -Csi* 
«'  J^lff.  18. 
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The  Ohm.— Thla  ia  the  resistance  through  which  an  electro- 
motive force  of  one  volt  will  produce  a  current  of  one  ampere. 
There  has  been  much  difficulty  in  lietermlnlne  accurately  a  atan- 
dard.  Mercury  at  the  temperature  of  melting  ice  has  been  the 
conductor,  and  the  length  of  a  column  one  square  millimeter  in 
crosB  section,  which  would  give  a  resistance  of  one  ohm,  waa 
determined.  Four  ohma  came  Into  use.  of  the  following  dealgnar 
tlonB  and  length  of  mercury  column: 

Tnie  ohm 106.24  centimeters. 

B.  A.  ohm 104.9    cantimeterB. 

Board  of  Trade  ohm 106.3    centimeters. 

Legal  ohm 106.0     centimeters. 

The  present  standard  ia  the  International  ohm,  the  reaistanee 
of  a  column  of  mercury  106.3  centimeters  long  at  the  tempera- 
ture of  melting  ice,  which  mercury  weighs  14.4521  grammea. 

Mercury  la  of  all  metals  the  one  moat  easily  purified,  and 
being  liquid  is  unaiTected  liy  strain. 

Internal  and  External  Resistance.— Inter  pal  resistance  Is 
the  resietance  of  a  generator,  whether  dynamo  or  battery.  Exter- 
nal reaistanee  is  the  reaiatanee  of  the  portion  of  a  circuit  outside 
of  the  generator. 

Circuit  Without  Resistance. — Assume  that  a  circuit  carries  a 
direct  current  and  has  no  reslatance.     It  la  a  purely  theoretical 
conception,    and    at   first   sight    seems    paradoxical.     It    may    be 
asked    what    would    result   were   an   electromotive   force   of   one 
volt  Impressed  on  the  circuit.     The  first  suggeation  of  a  aolution 
would  be  that  an  Infinite  current  would  result.    But  an  Infinite 
current   multiplied   by   finite   electromotive   force   would   give  an 
infinite  rate  of  energy,  and  this  IS  absurd.     The  solution  lies  in 
a  proper  appreciation  of  Ohm's  law.     In  It  are  linked  together      i 
three   taclora — current   strength,   electromotive   force,  and   resist-       ^ 
ance.     Current    strength    multiplied    by    electromotive    force    is 
taken  as  representing  rate  of  energy.     Resistance  la  never  absent 
from  an  electric  circuit,  and  never  will  or  can  be.     The  unit  of 
rate  of  electric  energy  made  tip  of  ctirretit  atteag,*  Ba4  ft\e.<A,\ii- 
motlve  farce,  asd  called   the   watt,  ceases  to  be  a  \iTi\t  ol  ^o-^et 
MJtaw  resJsCanee  or  Its   equivalent    is  oppoaefi  to  Vt.     K  ^<:>w^ 
■^^'  *  °"'«'«f  from   the  problem,     la  t\ie  abaaucfc  ot  ^awS 
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ance  the  current  would  tend  to  increase  indefinitely.  As  the 
current  increased,  it  would  build  up  an  increasing  field  of  force 
around  the  conductor.  Energy  is  required  to  do  this,  and  by  the 
law  of  conservation  of  energy  an  opposition  to  the  increase  of 
current  would  result.  The  formation  of  a  field  of  force  is  accom- 
panied by  the  development  of  counter  electromotive  force,  which 
is  electromotive  force  operating  in  the  reverse  direction  to  the 
original.  Energy  is  required  to  increase  the  strength  of  a  cur- 
rent in  a  circuit  under  these  conditions.  The  current  would 
go  on  increasing  forever,  building  up  an  increasing  field  of  force, 
and  energy  would  be  absorbed  on  the  circuit  as  long  as  electro- 
motive force  was  impressed  on  the  circuit. 

Electrolytic  Conduction. — When  two  plates  of  metal  or  other 
conductor  are  immersed  in  a  solution  which  does  not  attack  them,  « 
and  are  not  in  contact  with  each  other,  if  a  suflftcient  potential  dif- 
ference is  established  between  them, aciirrent  may  pass.  It  will 
pass  if  the  liquid  is  an  electrolyte.  An  electrolyte  is  a  liquid  de- 
composable by  electricity.  Even  solids  are  supposed  to  some 
extent  to  be  subject  to  electrolysis.  Electrolytic  conduction  is 
conduction  at  the  expense  of  the  electrolyte  which  is  decom- 
posed. 

Suppose  two  plates  of  platinum  are  immersed  in  a  solution  of 
dilute  sulphuric  acid.  Let  the  plates  b'e  connected  to  the  termi- 
nals of  an  electric  circuit,  and  let  a  difference  of  potential  be 
established  between  them.  If  the  difference  of  potential  is  less 
than  a  volt,  a  very  minute  current  will  pass.  Next  let  the  poten- 
tial difference  be  increased.  Nothing  occurs  until  a  certain 
potential  difference  is  attained,  about  1.48  volt,  when  suddenly  a 
strong  evolution  of  gas  occurs  from  both  electrodes  and  a  cur- 
rent passes,  which  is  many  times  stronger  than  the  preceding 
one. 

It  is  unnecessary  at  this  place  to  discuss  the  ion  theory.    The 
old  view  of  electrolysis  is  still  to  be  considered  the  practical 
one.    Electrolysis  is  the  separating  of  a  substance  into  two  con- 
jsitltuents  differing  from,  each   other   in  chemical   relation.    An 
electrolyte  must  be  a  compound  substance.    B^  ^i^ei  %RX.\aTi.  ^l 
6e  current  it  Is  separated  into  two  unlike  ^uYmtKUCwa.   \V  m>asx 
ye  such  a  compoaition  that  *  ^^^  ^^^^^ 
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The  way  the  conduction  takes  place  is  thus  explained:  The 
solution  touching  one  of  the  electrolytes  gives  up  to  it  a  part 
of  its  cheznical  constituents.  The  rest  combines  with  the  oppo- 
site constituent  of  the  next  layer  of  solution,  displacing  Its  simi- 
lar constituent,  and  this  takes  place  ail  through  the  liquid  until 
the  other  electrode  is  reached.  At  its  surface  necessarily  there 
is  set  free  the  opposite  constituent  of  the  electrolyte.  Such 
Is  the  old  theory,  and  one  which  holds  its  ground  with  many  at 
the  present  day. 

Thus  in  the  case  of  the  acidified  water,  hydrogen  is  liberaled 
at  one  pole,  setting  free  oxygen.  This  instantly  combines  with 
the  hydrogen  of  the  next  sheet  of  molecules,  setting  free  its 
oxygen.  The  action  is  repeated  until  the  other  electrode  is 
reached,  at  which  oxygen  is  liberated.  Exactly  the  quantity  of 
hydrogen  required  by  chemical  laws  to  combine  with  the  oxygen 
Is  set  free.  The  two  gases  are  liberated  in  exact  chemical  rela- 
tion with  each  other. 

If  chemical  ly-pu re  water  la  used,  elerlrolyaia  will  be  greatly 
reduced.  II  is  probable  that  with  pure  water  there  would  be 
none,  but  water  always  contains  acme  impurity,  an<i  it  is  im- 
possible (o  perfectly  purify  it.  We  are  justified,  however,  in 
saying  that  for  electrolysis  to  take  place  In  water,  some  salt  or 
soluble  substance  must  be  present- 
Water  containing  a  dissolved  substance  is  not  the  only  electro- 
lyte. Frequently  there  are  substances  which  when  melted  by 
heat  become  electrolytes.  Chlorides  and  fluorides  of  the  alkaline 
nnd  other  metals  are  electrolytes  when  they  are  meited  and  are 
Itppt  In  liquid  state  by  heat.  Such  electrolytes  are  used  in  the 
production  of  metallic  aluminium  by  the  Hall  process.  From 
such  electrolytes  tons  of  aluminium  are  precipitated  In  the  works 
at  Niagara  Falls   and   elsewhere. 

Solutions  of  metallic  salts  in  water  form  the  electrolyte  used  for 
eleclroplating.  The  metal  is  deposited  on  the  article  to  be  plated, 
and  an  anode,  as  it  is  called,  of  the  metal  of  the  bath  la  often 
employed,  which  is  dissolved  and  keeps  up  the  aUeaafti  ">^  ^"s 
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OHM'S  LAW.    ' 

Three  Elements  in  a  Circuit.— There  are  always  three  things 
present  or  to  be  taken  into  account  in  considering  the  operation 
of  an  electric  circuit.  They  are  so  bound  up  with  its  existence 
as  known  to  us  that  we  cannot  eliminate  any  of  them.  The 
first  one  is  current  intensity,  which  is  due  to  the  second  one, 
electromotive  force,  acting  against  the  third  one,  resistance. 
They  are  indicated  in  formulas  by  the  respective  letters  C  or  I 
for  current  intensity,  E  for  electromotive  force,  and  R  for 
resistance. 

Ohm's  Law»  following  out  what  has  been  said  in  the  last  few 
pages,  is  to  the  effect  that  current  intensity  is  equal  to.  electro- 
motive force  divided  by  resistance.  The  statement  expressed  as 
an  algebraical  equation  becomes: 

-I 

If  the  equation  be  taken  in  its  broadest  sense,  the  exposition 
of  its  effect  just  given  covers  it.  If  it  be  applied  to  a  specific 
circuit,  wliich  therefore  is  of  fixed  resistance,  it  tells  us  that  cur- 
rent intensity  is  proportional  to  electromotive  force.  If  the  volt- 
age in  any  part  of  a  circuit  is  doubled,  the  current  will  fiow  with 
double  intensity  through  that  portion. 

The  case  may  arise  where  a  fixed  electromotive  force  exists 
and  the  resistance  varies.    The  equation  states  that  in  such  a 
case  the  current  inteaaUj  is  InTerselar  pMnortional  to  the  resist- 
ance.     With  a  iffawf  .  ^4  T«9a\^\A:^<^ 

»w7/  halve  thr 
The  Btfti  atift  T«Aai^r 
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ance  is  equal  to  the  electromotive  force  divided  by  the  current. 
In  algebraic  form  this  is  expressed  as — 

Following  out  the  same  system  of  interpretation,  we  deduce 
the  facts  that  with  constant  current,  the  resistance  varies  with 
the   electromotive   force,   and   that   with   constant   electromotive  / 
force  the  resistance  varies  inversely  with  the  current,  and  the 
current  inversely  with  the  resistance. 

The  last  case  represents  the  condition  of  parallel  lighting 
work.  By  turning  on  lamps,  the  resistance  of  the  circuit  is  low- 
ered. The  plant  we  may  assume  to  be  so  organized  as  to  main- 
tain a  constant  voltage,  therefore  we  know  from  Ohm's  law 
that  the  more  lamps  we  light,  thereby  reducing  the  resistance, 
the  more  current  will  be  used  in  inverse  proportion  to  the  resist- 
ance. 

Finally,  Ohm's  law  may  be  stated  thus:  The  electromotive 
force  is  equal  to  the  resistance  multiplied  by  the  current  in- 
tensity, in  algebraic  form — 

E  =  RI. 

This  states  that  with  constant  resistance  the  current  intensity 
varies  with  the  electromotive  force,  and  that  with  constant  cur- 
rent intensity  the  electromotive  force  varies  with  the  resist- 
ance. 

Examples  of  Ohm's  Law. — Assume  an  electroplating  bath  to 
be  worked  at  a  fixed  resistance,  and  we  wish  to  increase  the  am- 
perage of  the  current  passing  through  it.    The  voltage  must  be 

E 
increaaed,  because  I  =—  ,  and  we  have  assumed  that  R  is  in- 

B 

variable.    Assume  that  a  number  of  lamps  are  placed  in  series, 

and  that  each  one  requires  the  same  current.    If  the  number  is 

Increased,  the  resistance  of  the  circuit  will  be  increased.    To 

keep   the   current   constant,    the    electromotive    force    must    be 

E 
hea^uae  1= — ,  and  it  R  is  increased,  'E  mu^X  ^^ci  \i«b 
B 

B«s  the  value  of  the  fraction  — ,  an^i  eoii^^^^v^'^'^ 
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the  value  of  I,  will  change.  The  form  B  =  R I  could  be  well 
used  here. 

An  example  may  be  given  of  what  may  be  termed  a  fallacious 
case,  where  Ohm's  law  seems  to  fail  but  does  not. 

Assume  a  battery  of  a  considerable  number  of  cells  connected 
in  series  through  a  circuit  of  slight  resistance.  If  the  number 
of  cells  is  doubled,  and  they  are  kept  in  series,  the  electromotive 
force  will  be  doubled.  While  only  a  very  slight  increase  of  cur- 
rent through  the  circuit  will  be  produced,  yet  the  voltage  or 
electromotive  force  has  been  doubled. 

The  fallacy  of  the  deduction  that  this  contradicts  Ohm's  law 
lies  in  the  neglect  to  consider  the  resistance  of  the  battery.  In 
doubling  the  number  of  cells,  not  only  is  the  electromotive  force 
doubled,  but  the  resistance  of  the  circuit  is  nearly  doubled,  so 
that  only  a  trivial  increase  of  current  is  produced. 

Such  cases  are^  frequent,  and  generally  as  simple  as  the  above. 

Five  Forms  of  Ohm's  Law. — The  law  can  be  stated  in  five 

forms,  three  as  given — 

E  E 

I---^,    R  =  y,    E  =  RI; 

and  'the  following  two — 

E  ""  1  ^^E~R 

The  first  three  are  those  most  used;  the  first  one  is  more  used 
than  any  of  the  others.  The  first  group  should  be  memorized  if 
possible. 

Importance  of  Ohm's  Law. — The  consensus  of  opinion  of  in- 
structors in  electrical  engineering  would  probably  be  to  the  effect 
that  good  work  has  been  done  if  in  a  three  years'  course  Ohm's 
law  is  well  instilled  in  all  its  bearings  into  the  student's  mind. 
It  is  infallible  and  universal;  it  has  no  exceptions.  Its  action 
may  be  limited  or  obscured  by  other  reactions,  but  it  is  always 
in  force  in  electrical  circuits.  It  binds  together  firmly  the  three 
factors  of  an  active  electrical  circuit. 

Sir  Isaac  Newton  held  when  young  that  there  should  be  no 

need  of  studying  geometry;   that  to  a  properly  developed  mind 

yt  should  be  obvious.     The  simplicity  ol  0\im*^  law  given  in  the 

^ree  algebraic   forms,   with   the  \eT\ia\  ^laXecieoX.  oil  ^.^2^  ^\A 
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the  various  interpretations,  tell  all  there  is  of  it.  But  the  bIu- 
dent  of  electricity  cannot  exercise  hiniBelf  too  much  upon  It. 
Reading  over  these  few  paragraphs  should  not  be  considered 
equal  to  the  acquirement  of  Ohm's  law. 

Power.  ^The  product  of  volts  by  amperes  gives  the  unit  or 
rote  of  energy,  which  is  power.  From  the  first  and  third  forms 
of  Ohm's  law  we  get  values  for  I  and  E  respectively — ■ 

1=  ^    and     E  =  RI, 
K 
Multiplying  the  first  equation   by  E  anti   the   second   by   1,  we 


This  gives  as  the  expressloas  for  electric  energy: 
5.',  RI=  and  EI 

The  first  states  that  with  constant  resistance  the  energy  rate 
or  power  varies  with  the  square  of  the  electromotive  force.  The 
second  states  that  with  constant  resistance  the  energy  rale  or 
power  varies  with  the  square  of  the  current.  Other  interpreta- 
tions less  useful  or  at  least  less  used  are  that  with  constant 
electromotive  force  the  energy  rate  or  power  varies  with  the 
current,  inversely  with  the  resistance,  and  with  constant  current 
varies  directly  with  the  resistance. 

Examples, — To  increase  the  energy  on  a  circuit  operated  by  a 
very  high  resistance  generator  or  battery,  the  resistance  must 
be  lowered.  Such  a  circuit  works  at  approximately  constant 
voltage.  To  increase  the  energy  on  a.  constant  current  circuit, 
the  resistance  must  be  Increased.  The  first  statement  ia  of 
merely  theoretical  value,  for  the  increase  of  energy  will  be 
through  the  entire  circuit,  and  all  that  in  the  battery  is  of  no 
economic  value.  Lowering  the  resistance  In  this  case  throws 
energy  into  the  battery.  In  the  other  case,  Increasing  the  resists 
ance  makes  the  proportion  of  energy  absorbed  by  the  battery 
or  dynamo  less. 

As  electric  energy  is  distributed  In  practice,  the  law  most 
quoted  Is  to  the  effect  that  energy  varies  with  the  square  of  the 
current.  The  statement  Is  incomplete  unless  U  stale?.  Vtt'a.'i.  tot 
//  to  be  true  the  reBlstance  must  be  constant. 
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The  great  problem  which  the  engineer  has  to  solve  is  the 
localization  of  energy.  The  energy  absorbed  in  a  battery  or 
other  generator  is  lost  as  far  as  utility  is  concerned.  The  same 
is  to  be  said  of  that  expended  on  the  transmission  line. 

Constant  Current  Circuit.— Ohm's  law  E  =  RI  states  that 
with  constant  current  the  electromotive  force  varies  directly 
with  the  resistance.  If  a  fixed  current  is  passing  through  a  cir- 
cuit, the  energy  rate  I  B  in  any  part  will  be  increased  by  in- 
creasing electromotive  force  expended  on  that  part.  Ohm's  law 
as  given  above  states  that  to  increase  this,  the  resistance  of  that 
part  must  be  increased. 

But  the  energy  localized  by  the  increase  of  resistance  is  heat 
energy,  and  such  energy  is  only  desired  in  certain  things,  such 
as  lamps;  in  motors,  heating  is  undesirable  from  several,  points 
of  view.  It  indicates  low  efficiency,  and  may  do  injury.  The 
use  of  the  drop  system  solves  the  distribution  of  energy  for  all 
cases  on  an  active  circuit,  when  uncomplicated  by  special  circum- 
stances. The  general  law  is  this:  Concentrate  the  drop  of 
potential  where  the  energy  is  to  be  utilized.  A  motor  produces  a 
drop  by  its  counter  electromotive  force  and  resistance.  The 
drop  due  to  the  first  cause  is  useful,  that  due  to  resistance  is 
useless.    Energy  expended  on  the  resistance  is  wasted. 

A  typical  constant-current  circuit  is  an  arc  lamp  series  system. 
To  increase  the  energy  rate  on  the  outer  circuit,  resistance  must 
be  added;  the  more  lamps  there  are  in  series,  the  more  energy 
will  be  expended.  To  add  resistance  so  that  the  energy  will  be 
of  use,  lamps  are  added  in  series.  To  prevent  waste  of  energy 
on  the  line,  it  is  made  of  size  sufficient  to  give  low  resistance 
compared  to  that  usefully  contained  in  the  lamps. 

Constant  Potential  Circuit. — The  constant  potential  circuit 
is  next  to  be  considered.  Let  a  fixed  difference  of  potential  be 
maintained   at   the   terminals   of   any   apparatus.    The    formula 

energy  rate  or  I  E  =  ^  states  that  with  constant  electromotive 

R 

force  the  energy  rate  varies  inversely  witlv.  live  resistance.    To 
develop  energy  in   any  appliance  V/Yiose  l^TUvm^X^  ^t^  V^^X.  ^\. 
constant  potential,  its  resistance  must  Y>e  \o^^t^^. 
^  typical  caizs taut-potential  system  is  a  pax^WeV  ^Vte.\x\\.  \^^^ 
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descent  lamp  system.  On  this,  to  increase  the  energy  expended 
more  lamps  in  parallel  are  put  in  operation,  thus  reducing  the 
resistance.  But  it  is  interesting  to  note  that  for  each  number 
of  lamps  in  operation,  this  becomes  a  constant  current  circuit. 
Therefore  it  is  subject  to  the  general  law  that  resistance  must 
be  concentrated  where  heat  energy  is  to  be  utilized.  In  this  case 
it  is  in  the  lamps.  The  mains  and  feeders  carrying  the  current 
to  the  lamps  should  be  as  large  as  is  consistent  with  the  re- 
quirements of  capitalization. 

Drop  and  Pall  of  Potential  indicate  the  electromotive  force 
expended  on  any  part  of  a  circuit.  Thus  a  50-volt  incandescent 
lamp  has  a  drop  of  50  volts  when  burning.  The  terms  are 
synonyms  of  Potential  Difference.  Drop  may,  as  in  an  incan- 
descent lamp,  be  due  to  resistance,  or.  as  in  an  arc  lamp,  partly 
to  counter  electromotive  force. 

R  I  Drop  and  Counter  E.  M.  P.— The  first  is  the  fall  in 
potential  brought  about  by  resistance.  By  Ohm's  law  such  drop 
is  expressed  by  the  equation  B  =  RI.  Without  a  current  there 
is  no  R  I  drop;  with  a  given  electromotive  force  the  drop  varies 
with  the  resistance,  and  is  equal  to  the  product  of  resistance 
by  current  strength.  This  drop  is  to  be  distinguished  from  that 
produced  by  counter  electromotive  force.  In  charging  a  storage 
battery,  each  cell  gives  between  two  and  three  volts  counter 
electromotive  force,  and  this  is  almost  independent  of  current 
strength.  This  produces  a  drop  which  is  a  counter  electromotive 
force  drop. 

The  drop  of  110  volts  in  an  incandescent  lamp  is  an  R  I  drop 
as  far  as  is  known;  in  an  arc  lamp,  the  drop  is  supposed  to  be 
a  combination  of  a  counter  electromotive  force  and  R  I  drop. 

To  determine  the  R  I  drop,  the  resistance  R  of  the  portion  of 
the  circuit  in  which  it  is  to  be  developed  is  multiplied  by  the 
current  strength  I ;  the  result  is  the  R I  drop  in  volts.  Thus 
the  R  I  drop  of  a  220-ohm  lamp  passing  y^  ampere  of  current  is 
220  X  %  =  110  volts. 

Examples  of  Power  Calculations.— Vfe  have  seen  \)cia.\>  XXi^ 
energy  exerted  by  a  current  through  a  given  Tea\Et«i.TL^^  Ns»  ^"fc- 
pressed  by  any  of  the  following  expressions: 


h. 


r .  ■ 
I 


I 
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The  last  expression  shows  that  the  heating  or  mechanical 
"i  equivalent  of  a  current  passing  through  a  fixed  resistance  is 

!i,'  proportional   to  the  square  of  the  current.    This   can   be  very 

simply  shown  by  assuming  that  lamps  are  to  be  lighted. 

Let  each  lamp  be  of  100  volts — 200  ohms  standard.     Such  a 

lamp  will  require  by  Ohm's  law  I  =  — —        .  =  0.5  ampere  of 

R        lOJ 

current.  If  we  double  the  current,  we  have  enough  for  two  lamps 
in  parallel.  Two  lamps  in  parallel  have  half  the  resistance  of 
one   lamp.    To  get  our  original    resistance,   we  must   put   two 

ji-  .  lamps  in  series  and  two  in  parallel.    Double  the  original  current 

will  light  these  four  lamps,  giving  four  times  the  watts  as  be- 
fore. By  similar  process  we  will  find  that  to  take  three  times 
the  current  without  changing  the  resistance,  three  lamps  in 
series  and  three  such  series  in  parallel  will  be  required,  giving 
nine  times  the  number  lighted  by  three  times  the  current. 
Therefore  the  lamps  which  can  be  lighted  by  currents  vary  with 
the  squares  of  the  currents  at  constant  resistance. 

The  lighting  of  a  single  lamp  exacts  a  definite  amperage  and 
voltage.  Keeping  the  amperage  constant  and  varying  the  resist- 
ance, it  is  to  be  determined  how  a  change  in  voltage  will  affect 
the  light  given  on  a  portion  of  the  circuit.  Here  the  law  of  the 
square  does  not  hold.     If  we  have  a  100-volt  lamp  requiring  half 

jl  an  ampere  of  current  and  double  the  voltage,  the  lamp  would 

give  an  immensely  high  illumination,  and  would  burn  out  in  a 
very  short  time.  If  the  voltage  were  doubledj  it  would  be 
necessary  to  take  care  of  the  increase  by  putting  another  lamp  in 
series  with  the  first.  The  current  would  remain  one-half  ampere, 
but  for  the  double  voltage  only  double  the  lamps  would  be 
lighted. 

There  is  no  contradiction  involved  in  these  two  cases.    A  watt 
is  the  product  of  first  powers  of  electromotive  force  and  current, 
and  the  lamps  lighted  vary  with  the  watts.    In  the  first  case,  by 
placing  the  lamps  in  parallel  the  current  was  increased  as  many 
t/mes  as  there  were  parallel  series  of  lamps.    To  keep  the  resist* 
ADce  the  same,  aa  many  lamps  liad  to  "be  ^Vwie^  Va.  ^«t\«a»  ^^ib 
""^er©  /n  paralleL     This  multiplied  tlie  noIIblS^  \s^  «^  m\3\\.V^\\s 
'^'^oaaing  the  number  of  lamps  In  aexicB  ox  Vxi  t>^x^\^\»  ^^ 
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being  the  same.  To  get  the  watts  expended  on  thB  larapa  in  the 
first  case,  the  amperes  had  to  be  multiplied  by  the  lamps  in 
parallel  to  get  the  increased  current  lntenaiU  The  number  of 
tamps  in  seriea  gaye  a  flgure  by  which  the  voltage  had  to  be 
multiplied  to  give  the  new  voltage  Take  the  case  of  three  lamps 
)n  parallel  and  three  in  series,  and  call  the  amperes  and  volts 
for  a  single  lamp  i  and  e  respectively.  The  watts  for  a.  single 
lamp  will  then  be  indicated  by  e  i.  There  are  three  lamps 
in  parallel,  so  the  new  amperage  will  he  3  t.  But  there  are  also 
three  lamps  in  series,  In  order  to  keep  the  resistance  the  same 
as  with  one  lamp.  The  voltage  therefore  for  the  nine  lamps 
arranged  as  described  is  3  e.  The  product  of  the  new  voltage  by 
the  new  amperage  is — ■ 

3ex  3i  =  9ei, 
or  nine  times  the  watts  required  for  one  lamp. 
B' 

Taking  the  ei.pres'^ion  for  electric  power  —  if  it  Is  Interpreted 
R 
for  fixed  resistance  then  the  powr  at  flxed  resistance  will  vary 
with  the  square  of  the  electromotive  force.  This  Is  the  case 
with  the  nine  lamps  The  electromotive  force  was  trebled,  the 
resistance  was  Kept  constant    and  nine  times  the  watts  resulted. 

To  keep  the  resistance  constant  both  voltage  and  amperage 
had  to  be  Increased  In  precisely  similar  ratio.  There  is  no  con- 
tradiction involved 

Calculation  of  Resistance  of  Parallel  Circuits. — Suppose 
Ihree  conductors  each  of  10  ohms  resistance  are  placed  in  paral- 
lel, The  combined  resistance  will  be  one-third  that  of  a  single  | 
Hrcuit.  A  bridge  three  planks  wide  will  be  only  one-third  the  ' 
obstacle  to  the  passage  of  a  crowd  that  a  bridge  one  plank  wide 
would  be.  The  combined  resistance  of  the  three  circuits  Is  ex- 
presseii  by   10/3  =  3.S3   ohms. 

Assume  that  the  three  conductors  are  not  of  the  same  resist- 
ance.    Let  one  be  of  5  ohms,  another  of  3  ohms,  and  tbe  tMx4 
of   2   obais   res/stance.     The    combined    resistance    \b   tQ-aaa.  t"3 
addlaff  the  reciprocals  ot  the  resistances  and  taU\TiB  Vae  tftcV^-vo- 
^^L^^  ^'T'     ^''^  '■ec/procal  of  a  number  is  ttve  quoUevit.  ol  ^- 
-^wrf^f  by  the  number;   tb^  reciprocal  of  a  IracUo^  Vs  V^«  ■^«' 


83  ELECTRICIANS'   HANDY   BOOK. 

Traction  having  the  flenominator  of  the  olil  fraction  tor  n 
tor  and  the  numerator  for  denominator.    The  reciprocal  of  3  is     ; 
1/3:   the  reciproeal  of  3/4  la  4/3.     The  reciprocals  of  the  resiat- 
ances  of  the  three  conduetore  are  1/5.  1/3,  and  1/2,  and  the  snm 
of  these  three  fractions  is  31/30.  and  the  reciprocai  of  this  sum  is 
30 '31  ohm    the  resistance  of  thp  paraliei  conductors 

Examples  of  R  1  Drop  Calculations —The  K  1  drop  is  eguai 
to  the  product  of  the  resistance  by  the  (.urrent  A  16-candle-  | 
power  lamp  rated  lo  pass  ''_  ampere  of  current  has  a  resistance  | 
of  220  ohms  and  220  X  "^  =  110  volts  which  is  the  drop.  The  | 
formula,  for  the  drop  is  B  =:  R  I  R  I  drop  vanes  with  the  cur-  j 
rent  for  fixed  resistances  I 

Take   three   condnetoia   of   5     3     and    1   ohms   resistance,   and      \ 
afsume  that  a  current  of  Ih  amperes  is  to  pa&s  through  them. 
What  id  the  drop*"    The  resistance  of  the  three  parallel  condue-      , 
tors  has  been  calculated  as  30/31  ohma,  tbe  current  is  16  amperes.      ' 
The  drop  is  R  I  —  30/31  X  16  —  480/31  =  15.48  volts  =  E.  j 

By  means  of  the  drop  the  current  passing  through  each  one      | 

j 

can  he  caicuiated  by  Ohm's  law,  1= — .     For  the  5-ohm  condue-      " 
R  I 

tor  it  is  15.48/5  =  3.096  amperes;  for  the  3-ohm  conductor,  i 
15.48/3  —  5.16  amperes;  for  the  2-ohm  conductor,  15.48/2  =  J 
7.74  amperes.  As  a  proof  of  the  correctness  of  the  figures,  the  i 
three  currents  thus  determined  may  be  added,  when  they  ahoiiid  5 
Rive  a  sum  of  16  amperes  within  the  limits  of  the  decimal  placea  ! 
to  which  the  operation  was  carried  out:  3.096  +  5.16  +  7.74=  | 
15.996  amperes. 

Example   of    Counter    Electromotive    Force    Drop    Calcula- 
tion.— A   drop  may  be  caused  by  a  counter  electromotive  force. 
One  battery  in  opposition  to  another  may  give  the  latter.     Sup- 
pose a  battery  of  seventeen  Daniell's  ceils  ot  1,06  volts  each  la 
working  against  a  smaller  battery  of  six  similar  cells,  what  ia 
(he   drop?     It   is   6X1.06  =  6.36  volts,   and  the  working  electro- 
motive  farce  on  the  system  ie  equal  1.0  ttie  il\He'ceB.e.p.  at  the  elec- 
fromotlve  forces  ot  the  two  batterleB.    T^p  ftTs\  \iB.\\efs  \iafi,  mi. 
'''^Mromolive  farce  ot  ^T  "  ■■  nfi  =  18,02  \o\^a.  atvA  "i%^'i  —  %3.%= 
11-ee  volt" —  iot\ve  iovce.    B'i'!^  a.  *» 
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is  iiauaily  accompanied  by  a  drop  due  ti 
anpe    droi)   varies   with   the 
force   does  not  necessarily. 

KIrchhoff's  Lbw».— These  are  extensions  of  Ohm's  law,  and 
are  two  in  number.  The  first  slates  that  if  any  number  of  con- 
ductors meet  at  a  point,  and  if  all  the  currents  flowing  to  the 
point  are  treated  as  positive,  and  those  flowing  away  from  it  aro 
treated  as  negative.  If  the  potential  at  the  point  remains  con- 
stant, the  algebraic  sum  of  the  currents  will  be  zero.  The  second 
law  states  that  in  a  network  of  conductors  forming  a  closed 
polygon,  with  currents  flowing  through  Its  members,  the  alge- 
braic sum  of  the  products  of  the  currents  by  the  resistances  lor 
all  the  conductors  is  eqtial  to  the  sum  of  the  electromotive  forcM. 

Conductance  and  Cross -Sectional  Area  of  Conductors.  —The 
conducting  power  of  a  conductor  for  electricity,  or  its  conduct- 
ance, varies  with  Ita  cross-sectional  area.  A  wire  of  one-tenth 
of  an  inch  cross-sectional  area  has  one-half  the  conductance  of  a 
wire  of  two-tenths  of  an.  inch  cross- sectional  area.  This  is  true 
only  when  the  wires  are  of  the  same  material.  Electric  conduc- 
tors are  generally  of  circular  section.  The  areas  of  two  circles 
of  different  diameters  vary  with  the  squares  of  the  diameters.  A 
wire  four  one-thousandths  of  an  Inch  in  diameter  has  sixteen 
times  tlie  cross-sectional  area,  and  consequently  sixteen  times 
the  conductance  or  conducting  power,  and  one-sixteenth  the  re- 
sistance, of  a  wire  one  one-thousandth  of  an  Inch  in  diameter. 

Circular  fill  System.— The  circular  mil  system  Is  based  on 
the  considerations  stated  above.  It  Is  a  system  of  stating  the 
size  of  electrical  conductors,  based  upon  the  cross-sectional  area 
o(  a  standard  circular  electric  conductor,  and  has  obtained  uni- 
Tersai  acceptance  among  American  engineers. 

The  length  of  one  .one-thousandth  of  an  inch  is  a  linear  mil, 
or  simply  a  mil.  The  area  of  a  circle  one  one- thousandth  of  an 
inch  in  diameter  is  one  circular  mil. 

The  unit  of  the  system   is  the  circular  mil. 

A  wire  of  copper  of  commercia.]  purity,  one  ioot  \ons  iixfi.  o\ift 
ygtoff/ar  m/7  in  crass-sectional  area,  has  a  TesYstmce  ol  ^.ft:^^ 
^^^^mf  ^  temp, 


ta  temperature  or  7 


loch  diameter. 


-C.)     TYiia  \aa-» 
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Appiicfltkni* — If  we  know  a  wire's  cross-sectional  area  ex- 
pressed in  circular  mils,  we  can  determine  its  resistance  by  sim- 
ple divisicm.  Resistance  varies  inversely  as  the  cross-sectional 
area  of  a  conductor.  Therefore,  if  the  resistance  of  a  wire  of 
one  circular  mil  cross-sectional  area  is  divided  by  the  circular 
mils  in  the  cross-sectional  area  of  another  wire  of  identical 
length,  the  quotient  will  be  the  resistance  of  the  latter  wire. 

Thus  a  wire  one  foot  long  and  nine  circular  mils  in  area  has 
one-ninth  the  resistance  of  a  wire  one  foot  long  and  one  circular 
mil  in  area.  In  ohms  the  resistance  of  the  larger  wire  is 
10.79/9  =  1.199  ohm. 

As  the  cross-sectional  areas  of  wire  vary  with  the  squares 
of  their  diameters,  a  wire  3  mils  in  diameter  has  nine  times 
the  area  of  a  wire  one  mil  in  diameter. 

To  determine  the  cross-sectional  area  of  a  wire  in  circular 
mils,  square  the  diameter  expressed  in  linear  mils  or  one  one- 
thousandths  of  an  inch. 

A  wire  of  1/20  of  an  inch  in  diameter  is  50/1000  of  an  inch  in 
diameter.  Its  cross-sectional  area  therefore  is  (50)'  =:  2500  cir- 
cular mils.  The  resistance  of  one  foot  of  such  wire,  if  of  copper, 
is  10.79/2500  =  0.00004316  ohm. 

Area  of  a  Circular  nil.  --The  area  of  a  circular  mil  is 
0.000000785  square  inch. 

As  the  circular  mils  in  the  cross  section  of  a  circular  wire 
are  equal  to  the  square  of  its  diameter  expressed  in  one-thou- 
sandths of  an  inch,  the  expression  ''square  of  the  diameter"  may 
be  taken  as  the  synonym  of  "circular  mils,"  if  the  diameter  is 
expressed  in  one-thousandths  of  an  inch  or  mils. 

Examples. — Owing  to  the  facts  that  commercial  copper  varies 
greatly  in  purity,  and  that  very  small  amounts  of  ijnpurity  affect 
its  conductivity  to  a  considerable  degree,  there  is  nothing  final 
about  the  figure  10.79  ohms  given  as  the  resistance  of  a  foot  of 
wire  one  circular  mil  in  cross-sectional  area.  Thus  Roebling 
gives  10.51  ohms,  at  75**  F.  (24*'  — C.)  and  10.18  ohms  at  60°  F. 
(^iS^-i-  C.)  as  the  resistance  of  a  foot  of  one  circular  mil  wire. 
Accepting  Roebling's  figures,  the  \ia©  ot  cV.Te\j\^.T  xciW.^  \a».^  Xs^ 
fJIUBtrated  by  some  calculations. 

-4   w/re  Is  1075  feet  long,  and  la  O.on  iiicto.  ^V».me\.^x.    ^Vvv.\.V 
'  J'csJstaace? 
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0.081  inch  is  81  mils.  A  wire  of  81  mils  diameter  has  a  cross- 
sectional  area  of  (81)*  =  6591  circular  mils.  The  resistance  of 
the,  wire  is  1075  X  10.51  -r-  6591  =  18.896  ohms. 

A  wire  is  1100  feet  long  and  has  a  resistance  of  4.404  ohms. 
What  is  its  diameter? 

Its  cross-sectional  area  is  expressed  by  the  formula — 
1100  X  10.51  -^  4.404  =  2625.1    circular   mills. 

The  diameter  in  one-thousandths  of  an  inch  is  equal  to  the 
square  root  of  2625.1. 


V2625.1=:  51.233  mils  or  0.051233  inch. 

Wire  Gauges* — ^Various  wire  gauges  are  in  use.  A  wire  gauge 
is  based  upon  a  series  of  cross-sectional  areas  of  wires.  Each  size 
of  such  wires  is  designated  by  a  number.  The  numbers  ordi- 
narily are  consecutive,  the  lower  the*  number  the  larger  is  the 
wire;  thus  No.  1  wire  is  larger  than  No.  2,  and  is  smaller  than 
No.  0.  If  the  sizes  are  to  be  extended  beyond  1,  the  designa- 
tions are  No.  0,  No.  00,  No.  000,  and  so  on. 

American  Wire  Gauge. — The  wire  gauge  generally  used  in  the 
United  States  for  copper  wire  is  the  Brown  &  Sharpe  gauge,  usually 
written  "B.  &  S.  wire  gauge,"  or  sometimes  simply  "American 
wire  gauge."  At  first  sight  it  seems  a  purely  arbitrary  scale,  but 
it  is  not.  It  is  fair  to  assume  that  anyone  making  calculations 
of  resistance  of  conductors  will  have  the  table  to  refer  to.  But 
there  are  a  few  figures  which,  if  remembered,  will  enable  one 
to  operate  without  the  table  and  yet  to  express  the  size  of  wire  in 
the  B.  &  S.  gauge  with  a  close  approximation  to  truth. 

No.  10  wire  is  approximately  0.100  inch  or  100  mils  diameter, 
with  a  cross-sectional  area  of  10,000  circular  mils.  Its  resistance 
per  1000  feet  is»l   ohm  approximately. 

The   cross-sectional   area   of   a   wire   of   any   number   in   the 
B.  &  S.  gauge  is  approximately  1.26  times  greater  than  the  one 
telow  it.     Thus  the  circular  mils  of  No.   9  wire  are  equal  to 
those  of  No.  10  wire,  10,000,  multiplied  by  1.26  =  12,600  circular 
mils  approximately.    The  circular  mils  of  No.  8  'wixe  ax^  ex^vvaX 
to  12,600  X  1.26=15,876  circular   mils.     The   c\TCM\aT    m\\^   ol 
JVd.  7  wire  are  equal  to  15,876  X  1.26  =  20,003  circ\i\aT  m\\^.     ^^^ 
these  are  close  approximations   to   truth 
Tbis  brings  out  another  feature,     A  wire  tHree  numX^ex^  ^^^ 
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from  another  wire  has  about  double  its  cross-sectional  area  if  of 
lower  number.  Thus,  taking  10,000  circular  mils  as  the  cross- 
sectional  area  of  No.  10  wire,  we  have  No.  7  wire,  three  numbers 
lower.  Its  cross-sectional  area  is  twice  that  of  No.  10  wire,  or 
10,000  X  2  =  20,000  circular  mils.  No.  4  wire  is  three  numbers 
lower  than  No.  7.  Its  cross-sectional  area  is  20,000  X  2  =  40,000 
circular  mils. 

From  the  above  it  follows  that  by  going  to  higher  numbers 
for  a  difference  of  three  numbers,  we  must  divide  by  2.  Thus, 
No.  13  wire  is  three  numbers  higher  than  No.  10.  Its  cross-sec- 
tional area  is  equal  to  10  -r-  2,  or  500  circular  mils.  No.  16 
wire  Is  three  numbers  higher  than  No.  13  wire.  Its  cross-sec- 
tional area  therefore  is  equal  to  5000  -^  2  =  2500  circular  mils. 

These  figures  are  only  approximate,  but  are  well  within  practi- 
cal limits.  The  following  give  the  true  cross-sectional  areas  of 
numbers  differing  by  3  and  those  determined  by  the  approxi- 
mate method. 


B.   &  S.  GAUGE. 

1. 

No.  of 
Wire. 

000 

2. 

Areas  in 

Circular  Mils. 

True. 

168,100 

8. 

Areas  in 

Circular  Mils. 

Approximate. 

160,000 

4. 
Approx. 
-f  4  Per  cent. 

166,400 

5. 
Errors  in 
Col.  4  Per 
cent. 

1.02 

1 

83,521 

80,000 

83,200 

0.40 

4 

.       41,626 

40,000 

41,600 

0.06 

7 

20,736 

20,000 

20,800 

0.31 

10 

10,404 

10,000 

10,400 

0.04 

+3% 

13 

5,184 

5,000 

5,150 

0.62 

16 

2,601 

2,500 

2,5fr5 

1.00 

19 

1,296 

1,250 

1,288 

0.62 

22 

640.1 

625 

644 

0.61 

25 

320.4 

312.5 

321.9 

0.46 

28 

158.8 

156.2 

160.8 

1.26 

SI 

79.2 

78.1 

80.4 

1.52 

34 

Z9,l 

39.0 

\^.^ 

1.26 

The  error  in    the  above  approximate  pxoce^^  \V  ^n\\\  \i^  ^^^^ 
Waff  from  less  than  2  per  cent  to  over  4  per  c«i^^.    ^^  "^^^  ^'^^^' 
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larger  than  No.  10,  4  per  cent  is  added  to  the  approximate  sizes, 
and  if  for  wires  smaller  than  No.  10,  3  per  cent  is  added,  the 
results  will  be  well  within  working  limits.  This  is  done  in  the 
fourth  column  of  the  table,  and  it  will  be  seen  that  the  error 
is  generally  less  than  1  per  cent.  For  No.  000  wire  it  is  1.022 
per  cent;  for  No.  10  wire,  it  is  0.04  per  cent;  for  No.  34  wire, 
it  is  1.26  per  cent. 

To  find  the  size  of  intermediate  numbers,  multiply  the  circular 
mils  of  wire  of  any  number  by  1.26  to  get  the  circular  mils  of 
the  next  larger  wire.  Thus,  the  size  of  No.  3  wire  is  obtained 
approximately  by  multiplying  the  circular  mils  of  No.  4  by  1.26. 

41,600  X  1.26  =  52,416  circular  mils,  the  size  of  No.  3  wire. 

Multiply  the  circular  mils  of  wire  of  any  number  by  1.60  to 
get  the  circular  mils  of  the  second  next  wire.  Thus,  the  size 
of  No.  2  wire  is  obtained  approximately  by  multiplying  the  cir- 
cular mils  of  No.  4  by  1.60. 

41,600  X  1.60  =  66,560  circular  mils,  the  size  of  No.  2  wire. 

The  sizes  of  No.  3  and  No.  2  wire  given  in  the  table  are  52,634 
and  66,373  circular  mils.  The  degree  of  approximation  is  very 
good.  Especially  is  this  true  when  it  is  remembered  that  no 
two  samples  of  copper  have  the  same  conductivity,  and  that 
the  temperature  variation  is  considerable  in  copper. 

The  figure  1.26  is  the  cube  root  of  2.  The  figure  1.60  is  1.26  X 
1.26. 


CHAPTER    V. 

ELECTRO-CHEMISTRY. 

The  Basis  of  Electro-Chemistry. — ^When  one  coulomb  of 
electricity  passes  through  water,  it  liberates  0.0105  milligramme 
of  hydrogen.  The  chemical  equivalent  of  hydrogen  is  1,  that  of 
oxygen  16.  In  one  molecule  of  water  there  are  2  atoms  of 
hydrogen  and  1  atom  of  oxygen,  or  by  weight  16  parts  of  oxygen 
and  2  parts  of  hydrogen,  a  total  of  18  parts  by  weight.  The 
0.0105  milligramme  of  hydrogen  was  derived  from  a  certain 
quantity  of  water,  which  bears  the  same  proportion  to  0.0105 
that  the  chemical  equivalent  of  the  water  molecule,  which  we 
have  seen  is  18,  bears  to  the  sum  of  the  equivalents  of  hydrogen 
in  its  molecule,  which  are  2.  This  gives  us  the  proportion: 
2  :  18  : :  0.0105  :  x  =  0.0945  milligramme  water. 

Hydrogen  Liberated  by  the  Coulomb. — This  tells  us  that  one 
coulomb  of  electricity  decomposes  0.0945  milligramme  of  water. 
Not  only  is  hydrogen  set  free,  but  oxygen  also.  The  oxygen  can 
be  got  by  a  similar  proportion,  based  on  the  proportion  of 
hydrogen  to  oxygen  in  the  water  molecule,  which  as  we  have 
seen  is  2  to  16. 

2  :  16  : :  0.0105  :  x  =  0.0840  milligramme  oxygen. 

This  result  could  have  been  more  simply  reached  by  subtract- 
ing the  hydrogen  liberated  from  the  water  decomposed. 
0.0945  —  0.0105  =  0.0840  milligramme  oxygen. 

Every  element  is  liberated  from  a  compound  in  strict  propor- 
tloB  to  the  coulombs  which  pass  through  it  by  electrolytic  con- 
ductJon. 

^'^ropottioa  of  Hydtx>gen  to  Oxygen.— We  ^ia^e  ^e«ii  ^iXi^\-  o^^ 
^t^omb  liberates  different  quantities  ot  oxyseii  wi^  Vs^tq?.^^. 
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Hydrogen  has  a  chemical  equivalent  1/16  that  of  oxygen.  Yet 
a  coulomh  liberates  only  eight  times  as  much  instead  of  sixteen 
times  as  much.  This  is  because  oxygen  is  a  dyad,  which  means 
an  element  of  double  combining  values,  which  is  its  valency, 
and  hydrogen  is  one  of  single  combining  value,  a  monad. 

To  get  the  relative  amount  of  oxygen  liberated  for  a  given 
amount  of  hydrogen,  we  might  have  divided  its  chemical  equiva- 
lent by  2,  the  figure  of  its  valency,  and  put  our  second  proportion 
directly  thus: 

1:8::  0.0105  :  x  =  0.0840  milligramme  oxygen. 

Atomic  Weights  and  Chemical  •Equivalents.  —In  any  chem- 
istry will  be  found  a  table  of  atomic  weights  and  sometimes 
of  chemical  equivalents.  If  the  table  is  properly  arranged,  each 
element's  valency  will  be  stated.  If  this  information  is  omitted 
from  the  table,  it  can  be  found  in  the  text  of  the  book.  To  find 
how  much  of  any  element  will  be  separated  from  its  combination 
by  a  coulomb  of  electricity,  divide  its  atomic  weight  by  its 
valency,  and  multiply  by  0.Q105. 

Electro-Chemical  Equivalents. — Numbers  thus  obtained  are 
called  electro-chemical  equivalents.  Suppose  the  electro-chemical 
equivalent  of  nickel  is  required.  The  atomic  weight  of  nickel 
is  58.8,  its  valency  is  2,  or  it  is  a  dyad  or  is  a  bivalent.  These 
are  three  ways  of  expressing  the  same  fact.  We  divide  its 
atomic  weight  by  its  valency,  and  multiply  the  result  by  the 
electro-chemical  equivalent  of  hydrogen: 

(58.8  -^  2)    X  0.0105  =  0.3087  milligramme 

which  is  the  electro-chemical  equivalent  of  nickel,  or  the  quan- 
tity which  one  coulomb  can  separate  from  a  solution. 

If  gold  is  in  question,  we  find  its  atomic  weight  to  be  197  and 
its  valency  3.  Its  electro-chemical  eqliivalent  is  given  by  the 
equation: 

(197  -r-  3)    X   0.0105  =  0.6894  milligramme 

which  is  the  electro-chemical  equivalent  of  gold. 

If  an  electro-pJater  is  paying  for  his  electricity  \iy  Wi^  «lTK^^x^ 
second,  or,  what  is  the  same,  by  the  coulomb,  it  \a  ol  Vm.^ox\a.wc.^ 
for  him  to  iinow  bow  much    his   plating   costs  Mm  \\v  eV^^Vc^^ 
current    This  be  Gnda  out  from  the  electro-cYiemicaV  ec^xxVv^^^^ 
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of   the   metal    he   is   depositing   and   the   total   weight   which   he 
deposits. 

Current  Streng:tta  and  Chemical  Decomposition.  — The  eiec- 
tro-chemical  equivalent  of  silver  is  1.134  milligramme.  If  the 
strength  of  a  current  given  by  a  battery  is  to  be  determined,  li 
may  be  passed  through  a  solution  of  silver  for  a  known  number 
of  seconds.  The  silver  which  it  separates  ia  weighed,  the  weight 
Is  divided  by  the  seconds  of  time  during  which  it  passed  and 
by  the  electro-ehemica]  equivalent  of  silver.  The  result  is  the 
Btrenglh  of  the  current  in  amperes. 

Silver  Voltameter.  ^The  apparatus  outlined  above  is  one  of 
the  classics  of  electricity,  and  Is  known  as  the  silver  voltameter. 

Summary.  —The  statements  just  given  may  l)e  conveniently 
Bummari;sed. 

The  weight  z  of  an  element  set  free  by  one  coulomb  of  elec- 
tricity, calling  atomic  weight  AW  and  valency  VI,  is  given  by 
the  equation: 

3  =  ^^  X  0.0105  milligramme. 

A  current  of  intensity  I  will  deposit  a  weight  P  of  an  element 
per  second  according  to  the  equation: 

P  =  si  =  4l^  X  0.0105    milligramme. 

One  ampere  hour  is  equal  to  3600  coulombs;  it  will  therefore 
liberate  3600  X  0.0105  =  37.8  milligrammes  of  hydrogen,  and 
AW  V 
VI 

This  is  stated  very  simply.  Those  who  are  interested  in 
electro-chemistry  should  study  up  the  theory  of  chemical  equa- 
tions and  of  chemical  arithmetic  (stoiehiometry)  also. 

Example, — A  ehemieai  "equation  may  be  now  written  out,  and 
the  electro-chemical  equivalents  calculated.  A  bath  of  copper 
sulphate  has  a  eurrent  of  9  amperes  passed  through  it  for  35 
minutes:  how  much  copper  and  sulphuric  arid  will  be  produced? 
"^/le  c/iemical  formula  for  copper  sulphate  is  CuSO,,  for  sul- 
gfd  S,SO„  for  water  H.O.  The  detinavwaV^XiiQ  Sa  ^v.- 
9  chemical  equation: 


.  X  37.8  of  any  other  element. 
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"     The   nascent    oxygen    would    usuaily   be    caused    to   attack   an  , 

anode,  but  for  our  purposes  we  will  assume  that  it  escapes.  j 

The  atomic  welshtK  needed  are  the  following:     Copper.  Cu,  63;  , 

sulphur,  S.  ^^  oxygen,  O,  16;  hydrogen,  H,  1.     Copper  is  a  dyad. 

The  copper  precipitated  by  a  coulomb  is^  ' 

_5?  X  0  0105  =  0  3S07  milligramme. 

35  ampere  mmutes  is  equal  to  bO  x  35  ;=  2100  coulombs.  The 
35  ampere  minuteu  will  preclpitatp  0.3307  x  2100  ^  694.47  milli- 
grammes of  copper  The  molecular  weight  of  the  sulphuric  acid 
Is  obtained  by  adding  together  the  atomic  weights  of  Its  con- 
stituents Thesf  weifihta  are  2  +  32  -f-  64  =  98:  and  for  every 
63  parts  of  copper  precipitatpd  9S  parts  of  sulphuric  acid  are  set 
free      This  gives  tor  the  total  'Julphurie  acid  the  proportion:  ^ 

63      'I".        694  47      r  —  1080  milligrammes  aitlphuric  acid.  \ 

Electromotive  Force  In  Chemical  Decomposition.— Electro-  i 
motive  force  does  not  enter  into  these  calculations.  It  requires 
a  definite  amount  of  electromotive  force  to  breali  up  each  chemi- 
cal combination.  For  some  of  them  it  varies  exceedingly  little; 
if  it  varied  more,  it  could  be  used  as  a  basis  for  methods  of 
chemical  separation  in  analysis. 

Energy  In  Chemical   Decomposition. — As  electromotive  force 
Is   required  to  break   up  an  electric  combination;    and   as  the     I 
quantity    decomposed   or   broken   up   varies   with    the   coulombs,      1 
the   energy   expended   varies   with   both   these   factors,    and    the     J 
energy   rate   or   power   with   the   volt-amperes   or   watta.     Watta 
multiplied    by   seconds   give   volt-coulombH,   and   watt-seconds   or 
volt-coulombs    multiplied    by    10.193.7    gives    gramme-centimeters 
of  energy.     Calling  coulombs  Q  and  electromotive  force  B,  we 
have  for  the  energy  expended  in  a  chemlcai  decomposition  ex- 
pressed in  mechanical  units  of  weight  and  height: 

Q  B  X  10.193.7  gramme-centimeters  and  Q  E  X  0.101937  = 
kl  lograra  me-meters. 

The   energy   expended   in   decomposition   is   here   expressed   in 
pure   mecbaDicsJ    units.      The    weight    o£    subalancft   ftewiai^ibs.e.4. 
/ir  Q  trouiombs  from  what  we  have  seen  is  Q  %. 
^  ^  ^"^'■^.^  eipM,/ed  may  aLso  be  expressed  in  YiesA.  vm.Uft,  ■&«1 
"""""'"  "''  "■"f^'"  'leaterl    1=    Centigradft.   or    ca\ortea,  *oo» 
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times  called  small  calories.  The  mechanical  equivalent  of  heat 
is  0.424  kilogramme-meter  per  calorie.  The  weight  of  the  sub- 
stance Q  z  multiplied  by  the  calories  H  t  corresponding  thereto 
and  multiplied  by  0.424  will  give  kilogramme-meters  of  energy, 
the  expression  being  0.424  Q  z  Ht. 

This  has  the  same  value  as  the  other  expression;  they  can  be 
equated  thus: 

0.424  Q  z  H  t  =  0.101937  Q  K, 

which  reduced  so  as  to  give  the  value  of  E  by  successive  steps  is — 

E  =     ^'^^^      z  Ut  =  4.16  z  Ut. 
0. 101937 

The  above  equation  gives  the  value  of  E,  or  the  electromotive 
force  required  to  decompose  a  compound.  We  must  know  z, 
which  is  in  grammes  0.0000105  (=  0.0105  milligramme)  and  Ut, 
which  is  the  heat  of  combination  or  the  thermo-chemical  equiva- 
lent of  the  compound  dealt  with. 

The  quantities  of  heat  expressed  in  thermal  units  are  termed 
thermo-chemical  equivalents.  They  have  been  determined  for 
a  great  many  chemical  combinations,  and  are  expressed  in 
gramme-degrees  C.  or  kilogramme-degrees  C.  The  above  formula 
has  been  deduced  for  gramme-degrees.  It  is  merely  a  question 
of  where  the  decimal  point  shall  be.  If  the  equation  is  to  hold 
for  kilogramme-degrees,  it  must  be  shifted  to  represent  one 
thousand  times  the  quantity;  4160  must  be  substituted  for  4.16 
in  the  expression. 

VoltAge  Calculatioiis. — Suppose  it  is  asked  what  voltage  will 
be  required  to  decompose  water.  Consulting  the  table,  we  find 
that  one  gramme  of  hydrogen  in  burning,  i.  e.,  in  forming  water, 
produces  34,450  gramme-degree  calories.  The  electro-chemical 
equivalent  of  hydrogen  is  0.0000105  gramme.  Substituting  in 
the  equation  we  have: 

E  =  4.16  X  0.0000105  X  34,450  =  1.5047  volts. 

Thermo-chemical  equivalents  are  expressed  in  two  ways.    One 
/jff  the  beat  liberated  by  the  combination  ot  a  gramme  of  the 
Bubstance,     The  other  is  the  heat  liberaleei  \>7  ?,T«.mm^^  ^VS^aN^ 
»  Ji umber  to  the  chemical  equivalent  ot  lYve  au\>«Xa^e,^.    '^otv^ 
♦  one  and  sometimes   the  other   is  gi^«i  Vii  XaXA^^.   \l  v^v'? 
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first  is  used  in  the  calculation,  the  form  of  equation  given  for 
hydrogen  is  adhered  to. 

E  =:  4.16  X  electro-chem.  equiv.  X  thermo-chem.  equiv. 

If  the  latter  is  used,  the  factor  0.0000105  has  to  be  retained. 
4.16  X  0.0000105  =  0.0000437.  This  factor  may  be  kept  as  a 
constant,  and  we  have  for  the  second  form  of  thermo-chemical 
equivalents: 

B  =  0.0000437   X   thermo-chem.  equiv. 

Both  give  precisely  the  same  result,  but  the  second  is  the  more 
usual  and  far  more,  convenient  form.  An  interesting  point  oc- 
curs in  electro-plating.  As  each  portion  of  metal  is  deposited,  a 
definite  quantity  of  energy  is  expended  on  its  separation  from 
the  solvent.  But  for  each  such  quantity  of  metal  deposited  an 
identical  quantity  is  dissolved  from  the  anode,  with  production 
of  energy.  One  energy  is  equal  to  the  other,  so  that  theoretic- 
ally all  the  energy  required  is  that  needed  to  overcome  the  re- 
sistance of  the  solution.  In  practical  operation  there  is  always  a 
loss  besides  this.  Where  a  metal  is  precipitated  and  none  dissolved, 
the  energy  to  decompose  the  salt  goes  to  the  expense  account. 

Many  battery  calculations  have  been  made  to  determine  the 
voltage  given  by  different  combinations.  The  zinc-copper-copper 
sulphate  couple  (Daniell's  battery)  is  thus  calculated  for  its 
voltage.  Zinc  is  dissolved,  forming  sulphate;  this  sets  energy 
free  or  develops  energy.  Copper  sulphate  is  decomposed,  ab- 
sorbing energy.  Zinc  combining  with  oxygen  gives  out  43,200 
calories,  and  the  oxide  combining  with  sulphuric  acid  gives  out 
11,700  calories,  a  total  of  54,900  calories.  These  figures  are  for 
the  gramme  equivalent  of  zinc,  which  is  a  number  of  grammes 
equal  to  its  atomic  weight  65.2  divided  by  its  valency  2,  or  65.2/2 
=  32.6  grammes. 

The  total  calories  of  energy  developed  in  calories  are  43,200  + 
11,700  =  54,900. 

The  total  calories  of  energy  absorbed  by  the  copper  separated 
from  the  sulphate  are  19,200  +  9200  =  28,400  calories. 

The  net  calories  developed  in  the  combinaUon  ai^  ^\»^^^  — 
^s,^{?(?  .=•  26,500.    For  the  electromotive  force  we  YiaN^*. 
£^=0M004S7  X  26,500  =  1.15  >^oUa. 


CHAPTER    VI. 

PRIMARY  BATTERIES. 

The  Primary  Battery  Cell. — The  simplest  types  of  primary 
battery  come  under  the  category  of  single-fluid  cells.  A  piece 
of  copper  and  one  of  zinc,  if  placed  in  contact  with  each  other 
and  immersed  in  a  saline  or  acid  solution,  will  generate  a  cur- 
rent of  electricity  due  to  the  impressing  of  electromotive  force 
upon  the  circuit  formed  by  these  things — the  saline  or  acid  solu- 
tion, the  copper,  and  the  zinc.  The  circuit  may  be  looked  upon 
as  a  triangle — one  side  liquid,  one  copper,  and  one  zinc. 

If  a  cartridge  shell  contains  some  dilute  acid,  and  a  wire  or 
rod  of  zinc  is  immersed  in  it,  but  not  allowed  to  touch  the  cop- 
per, a  galvanic  battery  is  formed.  Attach  wires  to  the  zinc  and 
to  the  copper.  Connect  one  to  a  plate  buried  in  the  earth  and 
the  other  to  a  telegraphic  instrument,  and  messages  can  be  sent 
by  it  over  many  miles  of  wire.  There  is  some  claim  that  a 
battery  made  out  of  a  percussion  cap  has  sent  an  electric  im- 
pulse across  the  Atlantic  Ocean. 

Three  Constituent  Parts. — In  a  cell  there  are  three  principal 
things  as  noted  above.  One  is  a  liquid,  the  electrolyte,  which 
will  be  decomposed,  through  attacking  chemically  a  substance, 
almost  always  a  zinc  plate,  when  an  electrical  current  is  passing 
through  it.  The  second  element  is  the  zinc  plate  or  some 
equivalent  solid  or  liquid  material  which  the  solution  can  at- 
tack.   The  other  is  a  material  which  the  solution  cannot  attack. 

The  two  materials  last  mentioned  must  be  conductors  of  electri- 
e/tjr 

Simpto  Batteries. — ^A  glass  tumbler  ot  d\\\iX.e>  s>\\^\i\iT\Q,  ^oK^ 
«ft  a,  Plate  of  zinc  and  one  of  copper  C^caxboii  ot  ^\^\.Vc^Nrav  ^t^^ 
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^ 


some  other  metala  will  do)  dipping  mto  it  anJ  not  touching 
each  other  constitutes  a  simple  battery  If  the  zinc  is  pure  no 
action  will  take  place  until  the  metals  are  connected  electrically 
by  touching  each  ottier  or  by  a.  conductor  such  as  a  copper  wire 
When  such  connection  takes  place,  a  turrent  will  flow  and  the 
zinc  will  be  attacked.  The  amount  of  zinc  attacked  will  be  in 
t  proportion  to  the  coulombs  of  electricltj   produced 


The  plates  of  metal  conduct  the 
conduction.  The  liquid  as  such  has  haro 
ly  any  true  conducting  power.  A  mere 
trace  of  conductivity  can  be  found  in  it, 
by  the  production  of  very  trifling  cur- 
rents, practically  negligible.  But  under  the 
influence  of  the  electric  current  the  llqul  1 
is  decomposed.  In  its  decomposition  it 
virtually  becomes  a  conductor,  an  1  la  said 
to  conduct  electrolyticaily.  The  solution 
is  called  an  electrolyte,  which  word  means 
'■decomposed  by  electricity."  Such  a  bat 
tery  is  shown  in  Pig.  19,  in  which  the 
zinc  plate  is  marked  Zn,  the  copper  plate 
Cu,  and  the  direction  of  the  ci  rrent  a 
indicated  by  arrows.  The  current  it  w  ! 
he  observed,  always  flows  from  plus  ( +  I 
points. 

Nomenclatim. — The  general  nomencia 
ture  of  the  parts  of  the  cell  is  rather  coi 
fusing,  but  It  la  hopeless  for  anyone  to 
attempt  to  simplify  it,  because  positlv( 
in  diametrically  opposite  senses  to 
anode,  electrode,  plate,  and  other  ter 
literature  of  the  science.  In  reading 
iE  at  all  understood,  the  reader  w  II  h 


by  regular  electric 


ates     and    cathode, 

:   embalmed    in   the 

thoi   whose  subject 

luble  In  appreci- 


ating the  particular  terminology   he  uses      The  simpler  terrain-        ■ 
ology  is  generflUy  the  better.    Any  kind  of  memorta  tec*m^';a  w 
artlBcJal  memory  may  be   used   to  keep  clear  tbe   4\aU-&fU<iTS.  "Q^ 
tieeen  positive  and  negative 
KciMv.  .M  po^m^^  Ptote5._WrllBr,   to  toe  E^^ita^^  \»= 
^  I 
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guage  usually  call  the  plate  corresponding  to  the  copper  plat( 
of  the  simple  battery  described,  which  is  the  one  unacted  on 
the  negative  plate.  This  is  because  it  is  not  dissolved  or  at 
tacked.  The  zinc  plate,  which  is  attacked,  is  then  called  th< 
positive  plate.  The  direction  of  current  in  the  outer  circuit,  or 
the  telegraph  line  or  other  conductor,  is  taken  as  from  th( 
negative  plate  to  the  positive  plate.  This  may  be  rememberec 
by  picturing  the  unattacked  plate  as  an  inert  collector  of  elec 
tricity,  which  it  pours  out  upon  the  circuit  in  the  form  of  current 

The  above  terminology  is  simple  and  readily  remembered. 

An  excellent  memoria  technica  is  that  the  current  starts  fron 
a  plate  the  initial  letter  of  whose  name  is  generally  c  (carboi 
or  copper)  and  goes  through  the  outer  circuit  to  a  plate  of  initia 
z  (zinc).  The  current  starts  from  the  letter  which  comes  earliei 
in  the  alphabet. 

While  solid  plates  are  almost  invariably  used,  a  liquid  amal 
gam  of  zinc  may  represent  the  positive  plate,  and  liquid  mercur: 
might  be  used  to  represent  the  negative  plate.  There  is  a  bat 
tery  in  which  the  first-described  arrangement  exists. 

There  is  one  term  which  may  be  advantageously  used;  it  is 
"electrode"  for  plate.  Thus  we  can  broaden  the  assertion  abov* 
by  saying  that  a  battery  may  have  indifferently  solid  or  liquit 
"electrodes." 

Cell»  Couple,  and  Pair* — A  battery  of  only  two  plates  ii 
called  a  cell,  a  couple,  or  a  pair.  An  aggregation  of  cells  be 
comes  a  battery.  It  is  a  case  of  the  greater  including  the  less 
The  word  pile  is  often  applied  to  a  battery.  Properly,  this  tern 
should  be  restricted  to  the  real  literal  voltaic  pile  described  oi 
pages  97  and  98. 

Bxhauatioii  and  Polarization. — ^When  the  solution  is  weak 
ened  by  dissolving  the  positive  electrode,  the  battery  is  said  t< 
be  exhausted.  When  the  negative  plate  loses  effect  from  accumu 
latlon  of  hydrogen,  the  battery  is  said  to  be  polarized.  The  dis 
Unction  between  exhaustion  and  polarization  should  be  followe< 
closely. 

Local    Action  and   Amalgamation. — The   essential   thing   ii 

batteries  is  to  avoid   what  is  called  local  action   in  the  zinc 

dbemicaliy-pure  zinc   Is  not  attacked  \>y  diYvjAi^  ^>3\^Ylmt\r.  wi^ 
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such  as  is  used  in  batteries.  But  commercial  zinc  contains 
enough  impurity  to  cause  local  action.  This  means  that  it  forms 
a  lot  of  little  voltaic  couples,  and  accordingly  dissolves  in  weak 
acid.  To  prevent  this,  the  zinc  in  all  acid  solution  batteries  is 
amalgamated  with  mercury.  The  mercury  is  rubbed  over  the 
clean  surface  of  the  zinc  along  with  some  dilute  sulphuric  acid. 
A  strip  of  galvanized  iron  is  an  excellent  rubber  for  amalgamat- 
ing. It  will  pick  up  mercury  as  a  soldering  iron  will  pick  up 
solder.  Newly-amalgamated  zinc  shines  like  silver,  but  soon 
loses  this  luster.     It  is  exceedingly  brittle. 

As  a  trace  of  zinc  injures  mercury,  the  plates  should  be 
amalgamated  with  a  few  drops  of  mercury  only.  Dipping  them 
into  mercury  is  unnecessary  and  the  mercury  thus  abused  has  to 
be  purified  before  it  can  be  used  for  other  purposes. 

The  first  genuine  primary  battery  dates  back  to  the  Italian 
physicist  Volta  in  1800.  This  is  a  good  starting  point  for  the 
description  of  batteries. 

Volta*s  Battery* — This  construction  goes  back  over  a  century. 
It  is  adapted  for  a  series  of.  cells  in  series  arrangement,  which 
was  called  a  "crown  of  cups,'*  or  couronne  des  tosses.  A  plate 
of  zinc  is  soldered  to  a  plate  of  copper  at  one  end,  so  that  the 
two  form  a  sort  of  V  or  U.  A  number  of  these  are  made.  Be- 
sides these  double  plates,  two  single  plates,  one  of  zinc  and  one 
of  copper,  are  provided  for  th^  ends.  Cups  one  greater  in  num- 
ber than  the  pairs  of  soldered  plates  aye  partly  filled  with  weak 
sulphuric  acid.  The  soldered  plates  are  put  in,  each  pair  in 
two  cups,  zinc  in  one  and  copper  in  the  other,  each  cup  receiving 
the  zinc  plate  of  one  pair  and  the  copper  plate  of  the  other 
pair.  After  all  the  soldered  pairs  of  plates  are  disposed  of,  the 
end  cups  will  each  have  one  (a)  a  zinc  plate  and  the  other 
(6)  a  copper  plate  in  it.  The  whole  is  then  completed  by  put- 
ting into  one  cup  (a)  a  copper  single  plate  and  into  the  other 
cup  (6)  a  zinc  plate.  Care  must  be  taken  that  the  plates  do  not 
touch. 

The  electromotive  force  of  the  zinc-copper  couple  is  less  than 
one  velt.     It  is  of  only  historic  interest. 

Voita'a   Pile,  or   the    Qalvanic   Pile.— A  series  ol  ^\^V^  ^^ 
copper  and  iinc  are  cut  out  of  sheet  metal.    They  mM  ^^^  ^cyoife 
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Inches  In  diameter.  Half  as  many  disks  of  bibulous  pasteboari 
or  of  cloth  are  cut  out.  These  must  be  about  a  quarter  of  ai 
inch  leas  in  diameter  than  the  metal  plates.  The  pasteboard  o 
cloth  disks  are  moistened  with  acid.  Any  excess  mtist  b 
squeeKed  out.  A  piece  of  heavy  glass  is  a  good  basis  for  th 
erection  of  the  pile.  This  is  laid  oa  a  table  or  elsewhere,  am 
a  disk,  which  we  will  asstime  to  be  of  copper,  is  placed  upon  il 
The  pile  may  be  started  with  zinc.  On  this  is  placed  a  disk  o 
paateboard  or  cloth.  It  must  not  be  too  wet.  Next  comeB  i 
disk  at  zinc,  then  one  of  copper,  then  pasteboard  or  cloth,  am 


'        ^^"»^««il4ijL-.^ 


Fia.  BO.— Tbh  GaltAni 


BO  on  until  fifty  or  one  hundred  plates  havo  been  used.  Th 
exciting  solution  may  be  water  and  sal  ammoniac  or  a  mlxtur 
Si  water  and  1/20  Its  weighl  of  sulphuric  acid.  The  disks  o 
cloth  or  pasteboard  must  not  he  so  saturated  as  to  permit  th 
weight  of  the  plates  to  squeeee  out  the  acid.  No  acid  must  ge 
upon  the  edges  of  the  plates.  E^rs  may  be  left  on  some  of  th 
disks,  certainly  upon  the  end  ones,  for  attaching  the  wire  o 
the  circuit.  Tf  ears  are  provided  on  some  of  the  intermedial 
Plales,  various  vojfages  may  be  taken,  trom  Vl,  k-n.  Vm^vovemen 
'  Wider  tho  7,'iir  and  copper  plates  ot  eac'o.  ^a.\v  Wi%eKoj 
:.,..e  or  accuvate\>  aTOWViA  ^ft  e^VfmJj 
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20  shows  a  double  (olumn  or  pile  fhp  zinc  pla  es  are  marked 
2  the  copper  plates  A  the  cloth  u  A  bar  t  <  connects  them  at 
top  It  will  be  observed  that  the  order  of  copper  and  zinc  ia 
rever&ed  in  the  two  polumns  Thi-s  keeps  them  m  the  same  rela 
tion  to  the  current  The  terminals  dip  into  two  vessels  of  salted 
or  audulated  water  6  6  ishich  ran  be  uiel  aa  terminals  by 
!ipp  ng  other  plates  at  the  end  of  wires  therein 

WoIIastoti  8    Battery  — This  is  a  copper  zIul  combination     The 
copper  pUte  is  hpnt  into  a  U  shape   and  the  zinc  plate  liei  within 
its  bends     In  the  cut   Fig  21   C  C  are  the  copper  plates  ZZ  the 
Kinc  plates    B  B  the  cups     Blocks  of  wood  separate  the  plates  at 
the  bottom    Their  connections  are  screwed  to  a  wooden  bar  at  the 
top.     This  with  the  wooden  blocks  keeps 
them   flsed  in  position.     The  cut,   Fig.   22, 
shows  the  plates  with  their  terminals  0  0'. 
Hare'5    Calorimeter.— This    is    another 
historical  battery  devised  by  Offershaus  in 
1S21  and  modified  by  Hare  Iti  1824.     It  is 
shown   in   the  cuts,  Fig.   23.     A  sheet  of 
copper  and   one  of  Kinc  are  wound  into  a 
spiral.    Pasteboard  strips  are  used  to  keep 
them  from  touching  each  other.     They  are 
dipped  into  a  vessel  of  acid  or  sal  ammo 
niftc  solution  when  to  be  used.     Wire  ter 
mlnals  are  soldered  to  the  zinc  and  coppei 
respectively.     Notched   standards  are  pro- 
VlSed,  to  carry  the  weight  of  the  plates  and 
to  keep  them  out  of  the  solution  if  desired.         CfZCQO'y    A 
Tbe  zinc  terminals  are  marked  Za  and  the  cop^3r«iifccfcft  I    A 
Zamboni's  Pile. — A  glass  tube  one-balf  to  one  inch  in  diameter 
is  coated  on  the  inside  wilh  sealing  wax.     It  is  fliled  with  disks 
of  silver    paper   coated   on   the   back   with   powdered    manganese 
dioside  rubbed  up  with  thinned  mucilage.    The  disks  must  dip 
in   easily,    so  as   not   to    get   manganese    dioxide   on  the   inne'c 
surface  of  the  tiilie.     A   pile  ot  one   thousand  sucb  ^bAts   &\nw. 
memgb    electromotive   force    to    (ieflect   a   straw    Buapen6.e.4  "ta'^    «. 
1  p^ir  of  Zamboni's  piles,  eac\v  ot  some  I'^'i  ttio-o^ 
»  of  paper,  are  sometfmea  arraBC^d  to  atUac\.  aaft.  6V 
"^"^^  a  strip   of  goM   leaE   suapeadefli   e\ec\.xQta^ 
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faBhlon  by  a  filament.     It  ie  said  that  aucb  a  pendulum  will 

oscillate  for  years. 
riodem  Batteries.— We  now  come  to  batterlee  which  are  more 

than  historical.  Some  go  bank  to  early  days,  but  are  still  used 
or  have  been  used  In  modem  days. 
These  necessarily  must,  if  excited  by 
acid,  be  protected  against  polarization. 
A  general  division  into  two  classes 
may  be  made,  slngte'fiuid  and  doubte- 
flufd  cells.  We  shall  first  consider 
single-fluid  cells. 

Smee's  Battery.— Zinc  and  platin- 
ized platinum  or  platinized  allver  in 
weak  sulphuric  acid.  Modified  by  Pat- 
terson, who  substituted  platinized  iron 
for  the  silver  plate;    by  Grove,  who 


-\  n; 


Hubstltuted  platinized  wire  gauze;  by  De  St.  Amstelt,  who  sub- 

atituted  platinized  tulle.    Smee's  battery  has  long  been  a  proml- 

nent  battery.     The  pJatinlzlng  is  not  &  a\m?\ft  -^Vs-Vi-tt^  -uWa  ^\6.U- 

auai,  but  platinum  black,  which  1b  a  vei:^  &Tift\'j  &\N\ie.ii,  ^wci.  lA 

«"»  metal,    ia  deposited    upon   the  suttace  \>7   e\ec\.TO*«^w4VAac 

form  pt  platinum  cannot  be  co^eie4  -to?  ^it*'^*!*^-  '^'^ 
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platinum  can  be  covered  virtually  by  the  gas,  bo  as  to  polarize 
tbe  batteiT'  As  usually  mounted,  a  bar  of  wood  separates  the 
plates,  whose  upper  edges  are  secured  or  clamped  to  It  The 
exciting  fluid  ts  sulphuric  acid  diluted  with  water.  It  may  range 
from  one-seventb  to  one-sixteenth  its  volume  of  acid,  according 
to  the  requirements.  The  platinum  plate  before  use  is  dipped 
every  day  Into  a  solution  of  ferric  chloride.  This  oxidizes  any 
reduced  deposit  or  occluded  hydrogen.  SllveT'plated  lead  plati- 
nized is  substituted  sometimes  for  the  regular  negative  electrode. 


Vm.  S6.— SuBi's  Battibt— Tyeb's  Fobu. 


E.  M.  F„  0.42  to  0.47.  This  conatructlon  la  shown  In  Fig. 
24.  Another  form  is  shown  In  Fig.  25.  Mercury  is  poured  Into 
each  cell,  and  bits  of  zinc  are  dropped  Into  it  from  time  to  time. 
ThuB  scraps  of  zinc  can  be  used  Instead  of  a  plate.  A  ball  of 
zinc,  cast  on  the  end  of  a  wire,  which  wire  must  be  insulated, 
dips  into  the  mercury.  Walker  (1S59)  used  platinized  carbon 
Instead  ot  platinized  metal.    E.  M.  F.,  0.66. 

Iron  Negative  Plates.— Sturgeon  (1840)  used  cast  Iron;  Miin- 
ntch  (1849)  amalgamated  iron;  Callan  (1S45)  cast  Iron  in  form 
ot  a  shallow  vessel,  constituting  at  once  the  recipient  for  aolution 
and  the  aeeatlve  electrode.  Hughes  (1880)  used  z\nc-tyito?,fc-(i- 
ated  Iron,  acidulated  water;  polarization  only  one-filto  ^"tsA  ^^ 
Baee'i  battery.  E.M.F.,  0.56 
Almntuum    JVegmtlyc    Plato.— Helot     (1855>     iVnc-s.ta^Viv'^'M 


log 
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dilute  sulphuric  acid.  The  alun 
in  strons  hydrochloric  acid  tor 
eaBily  polarized. 

Grove's  Etattery  (1838).— Zinc  amal  gam-pi  at!  mi  m  In  a  aolutioQ 
of  sulphuric  acid  with  nitric  acid  as  ft  depolarizer.  This  has 
seen  long  service  as  one  of  the  leading  batteries  of  the  world. 
The  cut,  Fig.  26,  shows  one  construe  I  ion.  The  platinum  goes 
in  B.  porous  eup,  V.  This  contains  nitric  acid.  1.33  sp.  gr.  Outside 
the  porous  cups  Is  the  zinc,  Z.  and  the  whole  Is  contained  in  a 
battery  jar  charged  with  sulphuric  acid.    As  it  prodi 


-QlLOTE'S    BATTERF 

the  nitric  acid  Is  reduced,  and  corrosive  and  poisonouE  fumes  of 
nitrogen  oxides  are  evolved.  It  is  credited  with  an  electromotive 
force  of  1.9  volts.  Generally,  less  than  this  is  to  be  looked  for 
Another  form  of  Grove's  battery  in  which  a  bent  platinum 
plate  is  used  to  increase  the  area  and  dimmish  the  resistance  fa 
shown  in  Fig.  27. 

Various  modifications  have  been  tried.     Oxalic  acid    (Royer) 
has  been  used  instead  of  nitric.     The  result  was  the  production 
of  formic  acid  with  evolution  of  hydrogen.     A  saturated  solution 
of  ferric  chloride  with  a  little  nitric  acid  has  been  recommended.      I 
iODgagoaa  1840  (Hawkins)  and  1841   (Olfers)  the  platiinm      ^ 
fjvp/aced  by  Iron   In  concentrated  nVtrVc  acid.     Ivan  is  not     , 
by  this  acid   when  concenlmteA.     T\ie  ac\a  \l  4Ww\.cii. 
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attacks  it,  so  this  formed  an  objection  to  Its  use,  as  the  acid  soon 
becomes  dilute  bj-  use  of  the  battery. 

Uelsmann  proposed  to  aubatitute  silicon  Iron  for  platinum  in 
the  Grove  cell.  The  B.  M.  F.  varied  with  the  concentration  of  the 
nitric  add. 

Buff   (1S57)   proposed  aluminium  in  place  of  tlie  platinum. 

Grove  himself  In  1839  had  tried  wood  charcoal  and  retort 
carbon  as  substitutes  for  platinum.  It  is  said  that  he  thought 
that  in  the  scientific  world  platinum  only  would  be  considered 
"truly  in  harmony  with  science." 

Callan  11847)  substituted  platinized  lead  for  the  platinum,  and 
replaced  the  nitric  acid  by  a  mixture  of  4  parts  concentrated 
sulphuric  atid.  2  parts  nitric  acid,  and  2  parts  saturated  solution 

Carbon  Negative  Plates.— Early  in  the  last  century  Gautherot 
found  that  wood  charcoal  would  act  aa  a  negative  electrode  In 
Volta's  battery.  The  early  inventors  In  this  line  were  Leuch- 
fenberg  (18*5),  Pabre  de  Lagrange  (1852|,  J.  Walker  (platinized 
carbon)    (1859). 

Tommaai  (1881)  used  zinc-graphite  in  dilute  sulphuric  acid. 
The  graphite  is  heated  to  redness,  and  cooled  in  a  current  of  car- 
bon dioxide  or  nitrogen.  B,  M.  F,  at  first,  1.37  volts;  falling 
rapidly  to  1   voll.  and  after  a  few  hours  to  0.83  volL 

Moving  Electrodes. — A  number  of  batteries  have  the  plates 
moved  in  and  out  of  the  solution,  so  as  to  depolarize  the  negative 
plate.  Becquerel  (1853)  was  an  early  inveatlgator  in  this  line. 
Brekmann  made  his  plates  disk-shaped,  mounted  them  on  an  aile, 
and  rotated  them.  About  half  their  depth  was  immersed  in  the 
add.  Brushes  rubbed  aRainst  the  plates  as  they  rotated.  .  Matche 
(1^64)  devised  a  copper-  or  carbon-iron  couple  with  very  dilute 
nitric  acid  (one  per  cent).  The  copper  or  carbon  electrode  was 
dlBk-sltaped  and  rotaleti  as  in  Erckmann's  battery,  with  about 
one-third  its  area  immersed.  Skene  and  Kuhmaier  used  a  zinc 
copper  cell  with  dilute  sulphuric  acid;  the  copper  is  moved  in 
Snd  out  of  the  liquid  by  clockwork. 

Bonscn's  Battery  (1843),— Amalgamated  zinc  carbon  in  dilute 
lulphurlc  acid  mixed  with  fuming  nitric  acid  a,B  fte'poXB.TVtftt. 
Saaa«a  improved  on  Grove's  cell  by  substltuUns  ie\at\xft\i  da^* 
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carbon  for  platinum.  E.  M.  F.,  1.89  volts.  He  placed  the  zinc  in 
the  porous  cup  and  the  carbon  in  the  exterior  vessel.  Archereau 
reversed  the  relation  of  the  plates,  and  put  the  carbon  in  the 
porous  cups  and  the  zinc  outside.  The  battery  has  been  elabo- 
rately tested  by  Meylan  (1886)  with  the  following  results: 

Exciting  liquid,  sulphuric  acid  consisting  of  equal  volumes  of 
60°  Beaum6  sulphuric  acid  and  water.  Depolarizer,  nitric  acid 
of  36°  Beaume.  Zinc,  active  surface  116.25  square  inches.  Ex- 
ternal resistance,  1.27  ohms.  Internal  resistance,  0.04  ohm, 
falling  to  0.035  ohm  and  rising  to  0.12  ohm. 

Electromotive  force.    Current.  Energy. 

Starting 1.93  volts. 

After  15  minutes  closed  circuit 1.87     "  1.42  amperes. 

"    24  houra  "  "  1.77     "  1.33       *'  56  watt  hours. 

"    30     "  "  **  1.73      '*  l.'4i       "  70  '* 

A  modem  Bunsen  battery  is  shown  in  Fig.  28,  the  carbon  and 

zinc  plates  being  indicated  by  C  and  Z,  and  positive  and  negative 
by  the  regular  signs  +  and  — . 

The  Bunsen  and  Grove  cells  have  the  advantage  that  no  salts 
are  used  in  their  solutions,  so  there  is  no  trouble  with  crystalli- 
zation in  the  carbon  or  platinum  compartment.  The  evolution  of 
nitrous  fumes  corroding  the  battery  connections  and  exacting 
special  ventilation  is  a  very  bad  feature. 

Modifications  of  Bunsen's  Battery. — Numerous  attempts  have 
been  made  to  modify  it.    A  few  only  will  be  mentioned  here. 

Liais  and  Fleury  (1852)  made  a  carbon  cup  act  at  once  as  the 
porous  cup  and  as  the  negative  electrode.    The  nitric  acid  was 
poured  into  its  interior.    Miergles  (1868)  and  Faure  (1880)  pro- 
pobed  a  stoppered  carbon  bottle  to  hold  the  nitric  acid  and  act  as 
negative  electrode.    Boettger  (1868)  used  carbon  soaked  in  nitric 
acid  as  negative  electrode.    To  suppress  the  fumes  of  the  depo- 
larizer Balsamo  advised   maintaining  a  layer  of  turpentine  on 
top  of  the  nitric  acid.    This  suppresses  a  great  deal  of  the  emana- 
tion and  suffers  change  in  its  own  composition.    Archereau  sug- 
gested the  use  of  tin  scrap  contained  in  a  vessel  inverted  over  the 
ce//  to  combine  with  the  nitrogen  oxidea.    Rouase  used  a  layer 
or  oleic  acid  to  absorb  the  fumes.    Thatm.  \i«e4  «a  ^«^^T\TKt  ^ 
iixture  Qt  600   grammes   nltr»«    *6Ml  to   ^^  eromisskfta  <2t^«t^ 
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ID  parts  potassium  bifiiromate  and  17  parts  of  sodium,  chloride 
with  30  parts  concentrated  sulphuric  acid.  It  absorbs  the  nitro- 
gen oxide  fumes. 

Glbbs'  Battery.— Prof.  Wolcott  Glbba  in  187S  produced  a  truly 
philosophical  modifleatlon  of  the  depolarizing  liquid  in  the  Bun- 
aen  battery.  He  used  as  depolarizer  nitric  acid  ot  1.*  sp.  gr. 
saturated  with  ammonium  nitrate.  Tbis  solution  gives  off  innoc- 
uous ntfrogen.  as  it  is  reduced  by  the  nascent  hydrogen. 

PoggendorH's  Battery. ^This  is  one  of  the  leading  Ijatterles. 


TTI® 


It  resembles  closely  the  Bunaen  batters  and  dates  back  to  1842. 
[he  same  year  that  Bunsen  t.  battery  is  referred  to.  It  Is  a  zlne- 
carbon  couple  with  porous  cup  and  as  an  e\cltmg  liquid  salt  solu- 
tion or  dilute  sulphuric  acid  Its  depolarizer  Is  a  solution  at 
potassium  bichromate  The  latter  oxidizes  the  nascent  hydrogen,  ' 
so  as  to  prevent  depolarization    and  gives  off  no  gas  or  fumes. 

By  using  dilute  sulphuric  acid  as  the  excitant,  a>tt4  b,  «.toti'& 
BBiatJon  of  potamlum  b/tirromate  In  dilute  BUlpburVt  ac\4  a.'a  Vaa 
1  elactromotue  force  of  2  to  21  -voWs  \a  QViVameA.. 
ot.  Fig.  ss,  servee  as  a  representa-tlou  ot  tUe^oes.^^- 


•rar/zer,  i 
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itenal   difference   of   coaotruction 
s  battery  Is  often  called  Bunsen  s 


dorfl  battery.  There  is  no  m 
betwefin  them,  and  Poggcndoiff 
battery. 

Sometimes   the   PoggendorfC   batter j    is   made   up   without   the      ^ 
porous  cup.  as  in  the  Grenet  battery  desrrlbPd  further  on      The 
zinc  and  carbon  are  immersed  jn  the  same  solution      A  mixture 
of  sulphuric  aciii,  watPr    and   pota^bium   bichromate  In   solution 
forma    at    once    the    exciting    and    dctiolarlzlng    Miutlon       This      ^ 
Bolution  acts  upon  the  zinc  dlsad'v  antageouely  I 

For  all   purposes,   where  a   powerful    battery   is   needed  and     i 
where  coobtancv  Is  less  desirable  than      i 
power  in  small  compass    some  form  of 
the  Poggendorff  or  bichromate  couple  Is 
very  available 

The  disadvantage  of  the  omission  of 
the  porous  cup  is  the  dissolving  of  the 
zinc  on  open  circuit  eren  if  amalgam 
ated  The  combined  depolarizing  and 
exciting  fluid  attacits  thp  zincs  under  the 
above  circumatauLes  This  difficulty  is 
met  by  withdrawing  the  zincs  from  thp 
solution  when  the  battery  is  not  in  use 
\  great  \arietv  of  this  class  of  battery 
differing  in  mechaniual  details  haa  been 
deiised 

Modifications  ol  Poggendorff' s  Bat- 
tery.— Some  representative  batteries  of  the  Po.ijgendorff  poroua 
cup  type  are  the  following: 

Fuller's  Hercury- Bichromate  Battery  ia  shown  in  Fig.  29.  \ 
Tho  zinc  electrode  in  the  shape  of  a  cone  or  pyramid  is  cast  | 
around  the  lower  end  of  a  copper  wire,  which  must  be  insulated.  , 
It  rests  on  its  base  in  the  bottom  of  the  poroua  cup.  It  Is  in  I 
height  but  a  fraction  of  the  height  of  the  cup.  Mercury  is  poured  I 
in  to  the  porous  enp,  so  aa  to  lie  in  contact  with  the  zinc  to  keep  ] 
malgamated.  The  carbon  electrode  is  In  the  outer  Tessel.  I 
|i  flIaatratloB.  Fig.  29,  Z  indicates  ttve  itac  e\eiA\oie.  t'&ft  I 
J  the  acid  solution;  lUe  Oie^\a.i:\'':TO?,  wi\^v'Ovoa.j 
In  etartiag,  no  ac\4  uetfi  \^e  ■vw's.  \'a\.o  \\i4 


FiQ.  29.— Fuller's 
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poi'oua  cup.  Enough  will  soon  find  its  way  in  Irom  the  depolarizer 
to  start  the  fell  to  working. 

It  Is  claimed  that  on  an  ordinary  working  circuit  this  battery 
can  be  run  for  six  months  without  renewal.  The  internal  resiat- 
ance  can  be  varied,  as  in  any  other  porous  ceil  battery,  by  ueing 
porous  cups  of  varying  thickness  and  porosity — V^  obm  to  4  ohms 
are  given  as  ranges  of  resistance  of  the  commercial  cell.  It  has 
been  used  in   England  extensively   for  telegraphic  service. 

Camacho  Cascade  Battery.— This  battery  provides  for  the 
constant  renewal  of  the  bicliromate  depolarizer.  The  cut.  Fig.  30, 
shows  a  series  of  cells  arranged  on  steps.  Tlie  depolarizing  Bolu- 
tion  is  caused  to  flow  Blowly  from  the  upper  veaael  into  the  porous 
cup  of  the  upper  cell.    Thence  by  a  pipe  It  flows  from  the  bottom 


Fttkis  porous  cup   into  the  porous  cup  of  the   next  lower  cell. 
nilH  flow  goes  through  as  many  cells  aa  desired.  I 

Baudet  Siphon  Battery.— In  this  construction  the  regular  por- 
ous cup  construction  ia  used.  Siphons  with  india-rubber  starting 
bulbe  connect  the  outer  cups  of  contiguous  cells.  The  zinc  plates 
are  contained  In  the  porous  cnpa.  The  depolarizing  fluid,  when 
all  fhp  sipbaas  are  charged,  will  siphon  from  one  CM?  \o  \.\ve  "t«;i.\. 
a*  long  as  a  differeace  of  leve!  obtains  between  Ibe  \\q-tt\4  N.'^.  <S* 
Snt  c^JJ  and  the,  outlet  at  the  siphon  connecteO.  Vo  Vae  \a.ftV. 
ff^mr/^j-ng  solution    is    sJowIy   admitted    to    tte   titat   «\\,  M^« 
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Blphons  along  the  row  to  the  end  one.  The  effective  level  ot  the 
outlet  siphon  of  the  last  cell  can  be  adjusted  by  a  trap,  which 
also  keeps  Che  siphon  charged. 

Radlguet  Battery. —In  this  battery  the  zincs  are  in  the  porous 
cup.  The  porous  cup  forms  one  division  ot  a  double  vessel,  Bome- 
what  heart-shaped  In  contour,  whose  other  division  is  glazed. 
The  combined  glazed  and  porous  cup  oscillates  about  a  journal. 
When  tilted  in  one  direction,  the  porous  division  descends  into 
the  main  battery  cell,  and  the  acid  runs  from  the  glazed  division 
into  the  porous  one.  The  zinc  plate  is  fixed  in  position  In  the 
porous  cup  division.  When  the  combined  cell  is  tilted  In  the 
other  direction,  the  porous  cell  division  Is  withdrawn  from  the 
main  battery  cell,  and  the  acid  runs  out  ot  It 
Into  the  glazed  division. 

The  effect  of  this  is  that  when  the  battery  ie 
not  Id  use,  the  zinc  Is  out  of  conta<5t  with  acid, 
and  the  acid  solution  Is  in  a  separate  Impervious! 
receptacle  away  from  the  depolarizing  solution. 
The  latter  Is  in  the  main  cell  with  the  carbon. 
A  single  motion  of  the  lever  or  handle  turns 
the  porous  cup  down  with  the  zinc  in  it,  into 
the  depolarizing  solution,  and  the  acid  simul- 
taneously flows  in  and  surrounds  the  zinc. 

Other  modiftcatlons  of  the  Poggendorff  cell 
show  the  dip  battery  principle  applied  to  the 
zinc  plates — the  carbons  being  left  immersed. 
The  porous  cell  being  only  an  Imperfect  expe- 
dient, this  withdrawal  of  the  zincs  leaves  the 
solutions  to  intermingle  by  diffusion  through 
the  pores  of  the  porous  cup,  bo  this  withdrawal 
of  the  zincs  is  only  a  partial  solution  of  the  problem. 

Orenet's  Battery.— in  this  battery,  shown  In  Fig.  31,  the  zinc 
plate,  Z,  is  drawn  out  of  the  solution  by  the  handle  a  when  the 
battery  Is  not  in  use.  Ttia  cell  Is  variously  constructed  on  the 
general  lines  shown. 

Dip  Batteries. — Ifany  bichromate  batteries  are  mounted  80  as 

a>  have  all  tbelr  plates  Tltbdrawn  from  th«  solution.    All  the 

pSUm  an  attaOtaa  to  ■  bu  by  irUch  Qi«j  ue  e.U  'ra.\wA  t.Vi&»\- 


Battert. 
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meously  from  the  liquid.     A  sort  of  windlass  is  often 
on  a  frame  to  effect  tlie  lifting.  , 

Partz's  Battery     uiilizea   tUe   different,  specific   gravity   ol   the      j 
liquids.     The  carbon  lies  horizontally   on   the  bottom;    the   zinc, 
also  horizoutal,  is  suspended  above  it  half  way  up  the  jar.    It     i 
Is  first   charged  with  a  solution  of  magnesium  sulphate  1:1,  or 
ammonium  chloride  1:5,  or  some  similar  salt.     Five  per  cent  to      i 
ten  per  cent  of  hydrochloric  acid   may  be  added   to   reduce  the 
resistance,  but  it  exerts  local  action  upon  the  zinc.    A  solution 
o£  sulphuric  acid  and  chromic  acid  is  poured  in  through  a  glass 
tube,  which  reaches  to  the  bottom  of  the  vessel.     This  depolariz- 
ing solution  of  iiigh  specific  gravity  lies  under  the  other  solution,     i 
Boating  It  up  and  covering  the  carbon.     As  the  depolarizer  is 
exhausted,  more  is  added  through   the  tube.     This  battery   is 
credited  with  over  2  volts  E.  M.  F. 

Depolarizing  ntxtures  and  Exciting  Solutions  la  Batteries 
of  the  POEgendorff  Type. — The.Bunsen  battery  carrying  out  the 
principle  of  Grove,  but  substituting  carbon  for  platinum,  opened 
the  possibility  of  new  depolarizing  solutions.  Many  such,  which 
would  attack  platinum,  are  available  for  carbon.  Poggendorff's 
substitution  of  chromic  acid  for  nitric  acid  did  away  with  nitrous 
fumes,  A  number  of  solutions  tor  carbon-porous  cup  batteries  . 
have  been  tried,  and  many  are  of  interest.  i 

D'Arsonval  (1881), — A  depolarizing  mixture  of  1  volume  nitric 
ncid,  1  volume  sulphuric  acid,  and  4  volumes  water  saturated 
With  copper  sulphate  was  employed  by  him. 

Ruhmkortt  (1867)  and  DuprS  (18S5).— Carrying  out  a  augges-     | 
ition  due  to  the  earlier  scientist,  DuprS  used  as  polarizing  solution 
a  mixture  o(  water  600  parts,  sodium  nitrate  510  parts,  potassium 
bichromate  60  parts,  and  sulphuric  acid  720  parts.     Tlie  potas- 
sium bichromate  absorbs  the  nitrogen  oxides, 

Mauri, — His  depolarizer  consisted  of  potassium  chlorate  50 
parts,  potassium  nitrate  25  parts,  mercuric  chloride  i  parts, 
iodine  5  parts-  ! 

Koosen  (1873),— His  depolarizer  was  based  on  the  use  o£  potas- 

alum  permanganate.    Two  solutions  are  described:     a,  potassium 

permangsnate  300  parts,  sulphuric  acid  100  Tja-ila-.  \,  ipiiVBSsVito. 

permanganate  100  parta.  sulphuric  acid  2&0  parlB.    '^aXft^  «&.Wi-^ 
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to  dissolve  the  potassium  sait  is  used.  It  must  be  mtxed  with 
great  care,  the  acid  being  aiided  little  by  litUe  to  the  aqueous 
solution  of  permanganate.    E.  M.  F.,  2  to  1.7  volts. 

La  combe.— Saturated  solution  of  potassium  chlorate  and  ferric 
sulphate  or  chloride,  to  which  is  most  carefully  added  sulphuric 
acid.  Potassium  permanganate  may  be  substituted  for  the 
chlorate. 

Dncheraia. — Picric  acid  solution  mixed  with  sulphuric  acid 
was  employed  as  a  depolarizer.     It   ia  reduced  to  pltramlc  acid.   ■ 

nixture  of  Sulpburlcand  Nitric  Acld^.— Many  depolarizing  mix- 
tures were  made  by  mixing  these  two  acids.  The  idea  was  to 
have  the  water  combine  with  the  sulphuric  acid,  so  as  to  give 
a  stronger   nitric  acid   to   do   the   depolarizing. 

PotaBsium  Blchroinate  Solutions.— Form  idas. — Poggendorff.— 
Potassium  bichromate  100  parts,  water  1000  parts,  sulphuric  acid 
50   parts. 

Delaurler.— Potass ium  bichromate  18.4  parts,  water  200  parts, 
sulphuric  acid  42.8  parts. 

Chutaux. — Potassium  bichromate  100  parts,  mercury  bi sul- 
phate 100  parts,  water  1000  parts,  sulphuric  acid  66°    (B.)    BO 

Dronler'a  Salt, — A  mixture  of  one-third  potassium  bichromate 
and  two-thirds  potassium  blsulphate.  It  Ifi  dissolved  in  water 
Just  before  use. 

Tlssandier.— Potassium  bichromate  16  parts,  water  100  parts,     , 
sulphuric  acid  37  parts.   Finely -pulverized  bichromate  la  used.    It 
is  dissolved  as  far  as  It  will  in  the  water  heated  to  about  100°  F. 
The  acid  la  then  added,  and  the  mixture  shaken  until  all  dis- 
solves. 

Koohogey.— Potassium  bichromate  227  parts,  boiling  water  1134 
pnris,  suiphuric  acid  added  while  water  is  at  boiling  temperature 
1588  parts.  It  Is  allowed  to  cool,  and  the  liquid  ia  decanted  from 
the  crystalline  residue  which  forms  on  cooling. 

Trouvfi's. — Water  80  parts,  pulverized  potaaaium  bichromate  12 

parts,  concentrated  pulphuric  acid  36  parts;  all  parts  by  weight- 

Tbe  pulverized  potassium  bichromate  is  added  to  the  water,  and 

He  acid  Is  added  alowI.T  with  constant.  eVuTms-     ^*  much  as  2B 

Paj^  potassium    b/cbromate  may  be  addei  to  1-0<J  DmU  uV  "wisa. 
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The  heating  produced  by  the  acid  and  water  disaolyea  nearly  all 
the  potassium  salt.     Use  cold. 

The  Danlell  Battery.— The  Daniell  battery  is  the  type  most 
used  probably  of  all  primary  batteries.  It  is  of  low  voltage,  a 
little  over  one  volt,  and  of  high  resistance,  several  ohma  in  all 
ordinary  sizes.  Its  great  constancy  and  cheapness  oC  its  first 
cost  and  of  its  solution  have  made  it  the  telegrapher's  battery 
par  ercetlence.  It  la  being  replaced  by  caustic  potash  and  other 
batteries  to  some  extent. 

The  typical  cell  contains  a  porous  cup  for  the  zinc.  It  la  filled 
with  water,  A  copper  plate  is  placed  outside  the  porous  cup,  vir- 
tually surrounding  it.  A  pockpt  or  rweptacie  for  copper  sulphate 
crystals  ia  provided  near  the  top  of  the  copper  plate,  and  is  often 
made  out  of  the  same  copper  as  the  plate.  Sometimes  to  start  It 
off  some  salt,  sodium  sulphate,  or  zinc  sulphate  is  added  to  the 
water. 

Danlell  produced  the  cell  In  )83fi.    Tommasi  gives  the  Invention     ( 
to  Becquerel  in  1829.     Waliter  in  1S30  made  a  similar  couple, 
using  animal  membrane  for  a  diaphragm  instead  of  unglazed     ' 
porcelain  for  the  porous  cup. 

The  action  of  the  cell  ia  thia:  The  copper  sulphate  dissolves. 
Ita  sulphuric  acid  attacks  the  zinc,  its  copper  ia  deposited  aa 
metal  on  the  copper  plate.  The  fluids  move  by  or  move  through 
the  porous  cup.  Under  the  action  of  a  current,  on  closed  circuit, 
the  level  of  the  copper  sulphate  solution  rises. 

The  action  of  this  battery  is  subject  to  the  defects  of  all  porous- 
cup  batteries  The  solutions  mix  tirough  the  diaphragm  so  that 
the  depolarizing  'foiutlon  comes  into  contact  with  the  zinc  This 
is  very  injurious  because  the  metallic  copper  precipitates  on  the 
zinc.  This  Is  done  at  the  expense  of  the  zinc  which  is  dissolved, 
constituting  a  source  of  exppube  The  dissolving  of  the  zinc 
Inereaees  the  specifi  gravity  of  the  "-olution  which  has  to  ho 
-weakened  sooner  than  would  be  the  case  without  thia  wasteful 
dissolving  The  yincs  have  to  be  scraped  occisionally  to  free 
1  from  the  copper.  Both  the  latter  features  of  wrong  action 
^e  extra  labor. 
Jj^e^ffotrainatlve  force  varies  slightly  according  lo  ¥a.&  «»i\a 
"veSac  compartment  and  with  the  pteaenw  ox  atowsacft 
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of  free  acid.  The  great  constancy  of  this  battery  has  made  it  in 
the  past  a  favorite  for  testing  purposes  as  a  standard  of  electro- 
motive force.  Scientific  investigators  have  made  many  investiga- 
tions of  its  reactions  and  determinations  of  its  electromotive 
force.  The  latter  varies  from  1.160  to  1.03  volts.  1.07  volts  is 
usually  taken  as  the  electromotive  force. 

The  chemical  reactions  involved  are  put  thus:  For  the  vessel 
containing  the  zinc  plate: 

H,  SO,  +  Zn  =  ZnSO,  +  2H. 

For  the  vessel  containing  the  copper  plate: 

2H  +  Cu  SO,  =  H^SO,  +  Cu. 

The  electromotive  force  is  but  slightly  affected  by  heat.  If 
the  surface  of  the  copper  is  oxidized,  its  voltage  is  slightly 
increased  by  light.  Dilution  of  the  solutions  is  almost  without 
effect  on  its  voltage.  Tbe  quality  of  the  metals  in  the  electrodes, 
whether  rolled  or  rough,  crystalline  or  not,  makes  very  little 
difference  in  the  voltage. 

The  resistance  of  the  Daniell  cell  is  said  to  depend  more  upon 
the  area  of  the  copper  than  on  that  of  the  zinc.  Amalgamation 
of  the  zincs  is  not  favored  by  all  investigators.  Different  mate- 
rials for  the  diaphragms  have  been  tested,  and  have  naturally 
been  found  to  have  no  influence  on  the  electromotive  force. 

riodifications  of  Danleirs  Battery. — These  are  not  so  numer- 
ous as  might  be  anticipated,  unless  we  include  the  gravity  cells. 
Varley  proposed  to  surround  the  porous  cup  with  a  layer  of  zinc 
oxide.  This  will  decompose  any  copper  sulphate  which  works  its 
way  through  the  walls  of  the  porous  jar.  Copper  oxide  will  be 
precipitated,  and  zinc  sulphate  will  be  formed.  One  great  annoy- 
ance is  the  deposition  of  metallic  copper  on  the  porous  cup's 
exterior.  Borseul  wound  a  spiral  copper  wire  around  the  cup 
with  a  spiral  plate  at  its  lower  end,  the  middle  of  the  wire  at- 
tached to  the  copper  plate.  The  wire  was  supposed  to  catch  all 
the  copper  as  it  precipitated. 

Parelle  and  Verit^e,  in  their  balloon  or  fiask  battery,'  place 
the  copper  sulphate  in  a  glass  flask  with  narrow  neck,  as  shown 
/n  Fig.  32.    It  is  Glled  with  water,  and  invexled  neck  downward 
Xftt(?  the  porous  cup.    It  supplies  copper  EuVphsX^lot  ^\QCL%\.Vaii^, 
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water  is  poured  upon  the  disks  u 
are  preased   together  and   plated 
give     a     small     current 
for  months. 

Bisenlohr  (1S49)  used 
a  sodium  or  potassium 
bltartrate  In  the  zinc 
aiTlsion.  BuH  used 
liquid  zinc  amalgam. 
Aa  tnEnlated  wire  runs 
down  through  the  soln- 


ist  be  weaiiened  from  time  to 
time;  otherwiBe,  the  battery 
takes  care  of  the  solution  au- 
tomatical ly. 

TrouvS'B  blotting-paper  bat- 
tery, shown  In  FIk.  33,  con- 
tains a  coiiper  and  a  zlae  plate 
marked  Cu  and  Zn.  The  space 
between  la  filled  with  disks 
of  blotting  paper.  The  lower 
sheets  of  paper  to  one-half 
the  total  number  are  soaked 
in  cop  tier  sulphate  solution 
and  allowed  to  dry.  An  insul- 
ated copper  wire  runs  down 
through  a  central  hole  to  tbe 
copper  plate  and  Is  soldered 
thereto.  Another  wire  is  con- 
nected to  the  zinc  plate.  When 
the  battery  is  to  be  used, 
itil  It  shows  at  the  edges:  they 
in  the  Jar.     This  battery  will 


IlLomNQ-pAPKU  Batter V. 


nspended  from  the  edge  ot  ttft  ^m  TiRa.^ 
porous  Jar  la  glazed  or  treated  bo  aa  \0  \>«  V^'i 
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pervious  for  its  lower  half.  It  contains  tlie  copper  plate,  ttnd 
a  wire  extends  from  the  copper  plate  up  over  the  edge  of 
the  porous  cup  and  down  to  the  bottom,  where  it  is  carried 
around  the  lower  part  of  the  half  porous  cup  in  a  circle. 
Any  copper  sulphate  in  the  porous  jar  as  It  works  ita  way  ] 
through  descends  on  account  of  its  specific  gravity  to  the 
bottom  of  the  outer  jar.  Wiien  the  circuit  is  closed,  this  cop-  I 
per  sulphate  Is  tlie  first  decomposed,  and  the  copper  ring  acta 
aa  an  electrode.  When  this  part  of  the  solution  la  exhausted, 
the  copper  in  the  porous  jar  becomes  the  negative  electrode. 
Then  the  cell  works  like  a  regular  Danlell'a  battery.  This 
eonstructioa  favors  the  preservation  of  the  Kinc  from  local  action 
or  attack  by  the  copper  sulphate  solution. 

D'Araonval  11881)  has,  by  uains  caustic  soda  solution  in  the 
zinc  compartment,  brought  up  the  voltage  to  1,5  volts. 

Reynler  reached  the  same  voltage,  using  a  aeamleas  hag  or 
parchment  paper  for  the  porous  cup,  a  30  per  cent  solution  of 
caustic  soda  for  the  zinc  compartment,  and  sodium  blsulphate  or 
sulphuric  acid  la  the  copper  sulphate  solution.  He  used  other 
mixtures,  whose  complication  tends  to  exclude  them  from  every 

Saad  Type  of  Danlell's  Battery. — Several  cella  have  been  de- 
vised in  which  a  layer  of  sand  replaces  the  porous  cup.  Minotto 
(1863)  uses  sand,  D'Arsonval  uses  animal  black  or  bone  black, 
Coronat  uaeB  sawdust.     There  are  other  modifications. 

Oravlty   Battery. ^ — This  term  Is  almost  restricted  to  one  type 
of  cell,  the  copper-zinc-copper  aulphate  couple.     It  is  baaed  on  the 
exact  reactions  of  the  Daniell  cell,  but  has  no  porona  cup,  relying 
entirely   on    the    various    specific    gravities    of    the    constituent 
llgnids  to  keep  them  separated.    The  construction  of  the  modern 
gravity  battery  is  cheap,  because  the  porous  jar  is  dispensed  with. 
^  The  original  gravity  battery  dates  back  to  1859,  when  It  was  pro- 
ceed by  Meidinger.    There  la  apt  to  be  a  little  uncertainty  about      j 
9  originators  of  fundamental  thinga  in  the  world  of  practical     1 
snee,  but  this  inventor  going  back  nearly  fifty  years  has  given      ' 
Lnune  to  the  gravity  battery,  and  the  title  adherea  to  It  still.     ] 
•Mlifgar'a  Battery  (iSSp).— The  cup  ™a.a  contracted  In  dtam-    I 
t  apo^t  ooe-tbiri  of  ita  height,  qo  a^  to  Iotw,  «.  fttiuxjiiw,  aa.  I 
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wlilch  a  ej  inder  of  zinc  rested  A  amalier  cup  rested  on  the 
bottom  of  the  ma  n  cup  an<i  contained  the  copper  e  ec  rode  This 
cup  held  s  roQg  copper  sulphate  sol  tion  nho'se  higl  specific 
gravit)  operated  to  preyent  t  rising  and  attaelv  ng  the  zinc  when 
on  oppn  c  rcuit  A  g  ass.  tul  e  uith  a  hole  a  its  bottom  was 
arranged  to  keep  p  the  h  rength  of  the  copper  sulphate  solution 
A  flask  Guch  as  shown  in  F  g  32  s  sometimeB  applied  to  this 
battery 

The  next  steps  in  the  developmpnt  of  this  cell  were  in  the 
direction  of  simplification  and  in  modern  ceils  there  are  often 
only  three  parts,  two  electrodes  and  the  jar  A  copper  electrode 
which  rests  on  the  liottom  o(  the  jar  a  zmc  electrode  of  approxi 
mate  disk  shape  supported  in  a  horizontal  position  near  the  top 
and  the  battery  jar  are  the  three  part"?  To  chaige  it  the  copper 
electrode  is  put  into  the  jar  resting  on  its  bottom  and  crystals 
of  copper  sulphate  are  introduce!  to  a  depth  of  two  Inchea  or 
more.  It  is  then  carefully  fllJed  with  water  to  within  an  inch  of 
the  top.  The  solution  of  copper  silphate  ia  of  higher  sppclflc 
gravity  than  water,  and  stays  at  tie  bottom  more  or  less  com 
pletely,  especially  if  the  tattery  it  in  use  But  if  the  battery  ia 
little  used  and  remains  on  open  circuit  moft  of  the  time  the 
copper  sulphate  solution  rises  and  acts  upon  the  7inc  attacking 
it,  depositing  metallic  copper  upon  it  and  impairing  rapidly  the 
condition  and  efBciency  of  the  battery 

The  zinc  dissolves,  forming  zinc  "iulpbate  whether  the  battery 
is  worltlng  or  not.  In  the  first  case,  the  Klnc  should  and  must 
dissolve;  in  the  second  case,  when  the  battery  is  not  worliing,  the 
solution  is  due  to  local  action  and  is  a  defect.  The  Inevitable 
formation  of  zinc  sulphate  acts  to  increase  the  specific  gravity  of 
the  overlying  solution,  and  to  diminish  the  characteristic  gravity 
feature  of  the  cell.  Accordingly,  from  time  to  time  some  of  the 
zinc  sulphate  solution  must  be  withdrawn  and  its  place  supplied 
by  water.  This  dilution  with  water  and  the  occasional  addition 
of  copper  sulphate,  called  in  the  telegrapher's  vernacular  "blue- 
stone,"  should  be  all  the  attention  the  battery  requires.  If  left 
much  on  open  circuit,  additional  attention  is  called  tov — ^fti*  ws,^- 
elooai  scraplag  of  the  zincs  to  free  them  irom  de9Qs\'LeJ\  wi)-?^. 
Tbv  cut.  Fig.  34,  shows  LoeIiwood-8  constructloTi  ol  VXie  ^iwWJ 
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cell.     A  spiral  wire  connected  to  the  copper  plate  in  the  liotton? 

of  the  jar  lies  above  the  copper-Bulphate  eiystalB,  and  ia  designc! 

to  prevent  the  copper-Eulphata  solution   rising  and  attacking  the 

zinc.      It   acta   by   decomposing   the   solution.      There   are   many 

other  varieties, 
Modirioitlon  of  the  Oravlty  Cell.— Thomson's  battery,  start- 
with  saturated  solutions  or  both  copper  sulphate  and  zinc 
sulphate,  has  the  latter  underlying 
the  former,  as  It  Is  of  higher  epe- 
cific  gravity.  The  zinc  is  In  the 
bottom,  the  copper  near  the  top  of 
the  cell-  Cardarelli  in  18S3  is 
credited  with  the  same  idea.  Cu- 
pric  chloride  has  been  used  as  a 
substitute  for  the  copper  sulphate. 
On  open  circuit  the  copper  is  at- 


■  D'Ikfbevtllk's  W*  btk- 


taeked    reducing  the  cupnc  elilorlde  to  cuprous  chloride.     On 
closed    circuit   this    reaction    does   not   take    place.      Delaney   In-      ' 
closed  the  zinc  in  a  paper  envelope,  and  the  copper  sulphate  in  a 
Btrawboard  box.     The  zinc  is  but  llttie  subject  in  this  battery  to 
local  action.     D'lnfreville's  wasteless  zincs  provide  for  the  attach- 
I   ment  of  partly  expended  zincs  to  the  bottom  of  the  new  one.     In      i 
'  practice  nearly   half  the  zinc   ia   wasted,   as  the  plates      i 
1   corroded   as   to   require   replacing.      In   this   system   such       ' 
■e  attached  below  the  old  one,  their  stem,  which  is  slightly      i 
',   being  forced   up   Into   a  hole  In  tbe  tenVeT  ol  vVa  lAher      | 
hsliowa  la  (fie  sectional  diagram,  Fig. ^5.  Tb6'ta.B\^-4\aBft\s«Si.  [ 
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old  plates  are  thus  used  up.     The  cut  shows  a  partly-expended 

Sir  WilliBjn  Thomsons  gravity  battery,  shown  In  Fig.  36, 
consists  of  a  shallow  traj  on  whose  bottom  rests  a  sheet  of 
copper  Lopper  sulphate  solution  covers  the  copper  plate.  Four 
wooden  rods  rpst  on  the  copper,  and  carry  a  grating  of  zinc  con- 
tained in  a  parchment  paper  tray  or  box.  The  resistance,  owing 
to  the  large  surfaees  and  their  nearness,  is  low  compared  to  the 
ordinary   Daniell  or  sravU>    battery.     Thomson's  battery   in  a 


nes  between  the  two  as  the  parchment  paper  dia- 
phragm and  the  speclHc  gravity  of  the  topper  sulphate  solution 
each  play  a  part  in  preventing  local  action  The  trays  are  piled 
one  on  top  of  the  other. 

Caustic  Alkali  Batteries. — I^Iany  batteries  ha\e  been  based 
on  the  action  of  causlic  alkali  on  zmc  It  dlsfeolves  the  metal 
much  as  an  acid  does,  and  brings  about  polarization  of  the  nega- 
tive electrode  unless  some  means  are  taken  to  overcome  It.  Black 
oxide  of  copper,  cupric  oilde,  it,  the  favorite  depolarizer  in  this 
class  of  batterj-;  so  much  so.  that  the  name  os.\4c  ot  co'?>^tt  ^iW.- 
tery"  la  often  applied  to  the  class. 
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Lalande  and  Chaperon  (18S1). — TheKe  inTentors  have  done 
much  to  bring  the  caustic  alkali-oxtde  of  copper  couple  into 
prominence.  Amalgamated  zinc  copper  in  a  30  per  cent  solution 
of  caustic  alkaii  with  copper  oxide  as  depolarizer  is  the  combina- 
tion. The  alliali  acts  on  llie  zinc,  and  the  nascent  hydrogen  re- 
duces the  copper  oxide  to  the  metallic  form.  The  electromotive 
force  may  be  as  high  as  0.9S  volt.  With  electrodes  4  inches 
square  and  2  Inches  apart,  the  resistance  is  0.25  ohm.  In  one 
form  an  iron  battery  jar  is  used,  which  forms  the  negative  elec- 
trode, talking  the  place  of  copper.  As  soon  as  a  portion  of  the 
oxide  of  copper  becomes  reduced,  the  latter  may  operate  as  a  cop- 
per electrode  to  some  extent. 

In  one  form.  Fig.  37,  the  battery  jar  and  negative  electrode  are 


TBOcaB  Battekt. 


represented  by  an  iron  tray,  A.  A  layer  of  oxide  of  copper,  B, 
Is  spread  over  its  bottom.  Insulating  blocks,  L,  carry  an  amal- 
gamated Kinc  plate,  D,  which  rests  horizontally  upon  them.  The 
caustic  alkali  used  as  excitant  Is  covered  with  a  layer  of  heavy 
petroleum  oil,  to  prevent  the  carbon  dioxide  of  the  atmosphere 
from  acting  on  the  caustic  alkali  and  destroying  it.  M  and  C  are 
the  binding  posts. 

The  Lalande  and  Chaperon  baliery  does  not  suffer  by  standing 
on  open   circuit,  as  there   Is   no   local   action.     The  chemical   re- 
i  follows: 

2H  +  CaO=li,0  -f  Cu. 
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This  cell  can  be  treated  as  an  accumulator.  By  passing  a  re- 
verse current  througli  it,  the  elements  are  restored  to  their  origi- 
nal state,  except  thac  the  zinc  elect rolyzed  is  of  such  spongy  con- 
sistency that  it  can  only  be  used  by  amalEamation  with  a  suffi- 
cient quantity  oC  mercury. 

Modincatlons  of  the  Lalande  and  Chaperon  Battery.— The 
Ed  is  on- La  Ian  de  battery  has  been  quite  extensively  introduced.  It 
is  distinguished  from  the  original  Lalande  and  Chaperon  battery 
by  the  use  of  consolidated  plates  of  copper  oxide  instead  of  the 
granular  substance.  The  oxide  la  mixed  with  5  to  10  per  cent  of 
magnesium  chloride,  molded,  and  ignited  to  red  heat.  In  this 
way  a  hard  cake  or  agelomerate  results.  The  ordinary  type  o( 
cylindrical  battery  Jar  is  used;  the  plates  are  vertical.  The  cop- 
per-oxide plates  are  held  in  a  brass  frame,  which  forms  the  nega- 
tive electrode.  As  the  copper  oxide  becomes  reduced  on  the 
surface,  it  may  be  regarded  as  forming  a  part  of  the  negative 
plate.  Caustic  soda  is  used  as  the  alkali.  Heavy  petroleum  oil 
is  kept  on  the  surface  of  the  solution,  to  exclude  the  air.  The 
electromotive  force  is  about  0,7  volt,  and  the  Internal  resistance 
is  0.03  ohm.  The  low  resistance  is  a  good  feature,  compensating 
In  some  measure  for  the  low  voltage,  which  falls  still  lower  on 
open-clrciilt  work.  A  3^-pound  plate  of  oxide  of  copper  charges 
a  3 00-ampe re-hour  cell,  or  about  1/5  horse-power  hour. 

Ammonium-Chloride  Batteries.— For  open-circuit  work  zinc- 
carbon  ammonium  chloride  batteries  have  had  considerable 
vogue.  Depolarizing  is  requisite  unless  the  surface  of  the  carbon 
electrodes  is  very  large  compared  to  that  of  the  zinc.  The  fol- 
lowing are  typle*!  cells  of  this  type; 

Letlanche  Battery  (1868).^There  are  two  types  of  Leclanchfi 
baltery,  one  the  porous  cup  cell,  the  other  the  agglomerate  cell. 
In  the  first,  shown  in  Figs,  as  and  39,  the  zinc  is  in  the  outer 
vessel  in  a  solution  of  ammonium  chloride,  the  carbon  is  In  a 
porous  jar  which  is  filled  with  a  mixture  of  pulverized  carbon 
and  black  oxide  of  manganese,  preferably  needle-form  or  crystal- 
line. The  porous  cup  should  be  of  good  quality  and  porous.  The 
electromotive  force  is  1.48  volts.  The  top  of  the  porous  cup  la 
now  generallj  seaJed  with  pitch  or  some  equlVBAent.  Ttt  ■^Twsa 
mp  does  not  usually  last  more  than  two  years.    Cmft  v*-^^  '^'^  licos^ 
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dissolved  should  reduce  two  parte  of  manganese  dioxide  and 
should  exhaust  one  part  of  ammonium  chloride.  Strong  ammon- 
ium chloride  is  advisable  ae  it  is  a  better  solvent  for  the  zinc 
oxychlorldes  formed.  In  the  agglomerate  battery  there  Is  no 
porous  cup  but  the  depolarizer  \s  in  two  cakes  whicb  are  held 
against  the  carbon  plate  by  rubber  bands.  The  cakes  consist 
or  40  pai'ts  binoxide  of  manganese,  52  parts  o(  carbon,  5  of  gum 
lac.  and  3  of  potassium  bisulphate,  compressed  at  a.  pressure  of 


Fio 


Battert 


300  atmospheres  at  the  temperature  of  boiling  water.  It  is  im- 
portant to  use  ammonium  chloride  of  good  quality,  as  the  impuri- 
ties liable  to  occur  in  commercial  sal-ammoniac  tend  to  increasi' 
the  resistance     The  reaction  is  expressed  thus: 

2NH  CI  +  2MnO   +  Zn  =  ZnCl,  +  2NH,  +  H,0  +  MnA- 

But  there  are  other  reactions  which  may  occur.     Thus,  am- 
monium nitrate  maj  be  lormed;  at  the  beginning  of  the  reaction 

ml\ture  of  hydrogen  and  carbon  dioxide  and  nitrogen  is  liber- 

arf    after  a  long  period  of  antion.  hydrogen  alone  is  liberated. 

MT/oae  modJScations  have  been  devisei,    \ii  ttie  liMXiAT  cell 
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the  agglomerate  is  molded  into  a  hollow  cylinder  within  which 
the  zinc  rod  is  placed.  In  another  a  cylindrical  plate  of  zinc 
surrounds  the  agglomerate  cylinder  in  addition  to  the  interior 
rod  of  zinc.  In  these  the  agglomerate  acts  as  the  negative  elec- 
trode; there  is  no  carbon  electrode  employed.  In  the  Gaiffe  cells 
the  carbon  and  binoxide  of  manganese  are  placed  in  strata  or 
layers.  In  one  form  Gaifte  uses  a  porous  cup,  in  the  other  the 
carbon  is  a  hollow  cylinder  and  acts  as  porous  cup  and  negative 
electrode. 

The  resistance  of  commercial  Leclanch^  cells  varies  from  4  to 
10  ohms. 

Dry  Batteries. — A  dry  battery  is  one  which  has  its  electrolyte 
disseminated  through  some  solid  material  through  which  it  can 
diffuse  itself.  Plaster  of  Paris  and  gelatinous  compounds  have 
been  used  for  the  solid  part.  The  usual  construction  is  on  the 
basis  of  the  plaster  of  Paris  combination. 

The  outer  cup  is  made  of  zinc,  and  acts  as  the  positive  elec- 
trode. Over  it  is  slipped  a  strawboard  tube.  The  object  is  to  pre- 
vent the  zinc  of  two  batteries  from  touching  each  other  so  as  to 
establish  a  wrong  connection.  The  negative  electrode  is  a  plate 
of  carbon.  This  is  placed  in  the  center  of  the  zinc,  and  is  so 
supported  as  not  to  touch  it  in  any  place.  Carbon  and  zinc  both 
carry  binding  posts.  The  filling  varies.  The  following  is  used 
in  the  Burnley  cell: 

A  wooden  plunger  or  template,  somewhat  larger  than  the 
carbon,  is  inserted,  and  the  following  mixture  introduced:  Am- 
monium chloride,  zinc  chloride,  1  part  of  each,  plaster  of  Paris, 
3  parts,  flour  0.87  part,  water  2  parts.  After  this  has  set  a  little, 
the  wooden  template  is  withdrawn,  the  carbon  is  inserted  in  the 
cavity  left  by  its  withdrawal,  and  the  space  left  unfilled  is  filled 
with  the  following  mixture:  Ammonium  chloride,  zinc  chloride, 
manganese  binoxide,  granulated  carbon,  flour,  1  part  of  each, 
plaster  3  parts,  water  2  parts.  The  electromotive  force  of  this 
cell  is  1.4  volts,  its  resistance  0.3  ohm. 

The  Gassner  dry  cell  has  as  negative  a  cylinder  made  of  a 
mixture  of  carbon  and  manganese  dioxide.  The  fllling  composi- 
tion is  as  follows:  Zinc  oxide,  ammonium  chloride,  ^.\id  -LVcia 
chloride,  1  part  each,  plaster  of  Paris  3  parts,  'walex  ^  ^a-^V^. 
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For  the  Meaerole  dry  battery,  there  are  mixed  the  following: 
Graphite,  slaiied  lime,  arsenious  acid,  and  Eincose  or  dextrine,  1 
part  eacli,  carbon  and  manganese  binoslde,  3  parts  each.  The 
mixture  is  finely  pulverized  and  rubbed  up  in  a  saturated  solu- 
tion of  ammonium  chloride  and  sodium  chloride  (common  salt) 
with  one-tenth  its  voluiue  of  a  solution  of  mercuric  chloride  and 
an  equal  volume  of  hydrochloric  acid.  These  constituents  are 
intimately  mixed  and  poured  into  the  zinc  cup. 

Dry  batteries  are  sealed  with  pitch.  A  hole  Is  sometlmea  left 
for  the  escape  of  gas. 

ArraDKementB  of  Batteries. — Primary  batteries-  may  be  ar- 
ranged in  series.  In  parallel,  or  in  series  multiple  or  multiple 
series.  The  heat  arrangement  from  the  point  of  view  of  economy 
is  to  keep  down  the  resistance  of  the  battery  I'M  putting  as 
many  in  parallel  asi  is  consistent  with  the  voltage  retjuired.  Each 
ceil  is  taken  as  of  a  certain  voltage  and  resistance.  Although 
these  factors  change  considerably,  yet  some  basis  must  be  taken 
for  calculation,  and  only  an  approximation  is  attainable  in  prac- 
tice. 

Assume  a  battery  of  twelve  cells  arranged  in  series,  and 
assume  that  each  one  has  a  resistance  of  2  ohms  and  an  electro- 
motive force  of  l.B  volts.  The  resistance  of  the  external  circuit 
is  25  ohms.  What  current  would  be  produced?  The  total  electro- 
motive force  of  the  battery  is  12  X  l.B  — 18  volts.  The  resistance 
of  the  battery,  24  ohms,  added  to  that  of  the  outer  circuit,  25,  ia 

2*   4-    25  =  49.     By  Ohm's   law  the  current  =5  =  1?-  0.87 

B     49 
ampere. 

Assuming  the  same  battery  arranged  In  parallel  on  the  same 
external  circuit.  What  current  would  be  produced?  The  electro- 
motive force  of  two.  twelve,  or  any  other  number  of  cells  In 
parallel  is  eqtial  to  that  of  a,  single  cell.  The  resistance  of  the 
battery  Is  found  by  dividing  the  resistance  of  one  cell  by  the 
number  In  parallel.  The  electromotive  force  of  the  battery,  there- 
fore, Is  that  of  a  single  cell,  or  1.5  volts;  the  resistance  is  the 
jflUOtient  of  a  single  cell's  resistance  divided  by  the  number  of 

-  ohm.      The  total  reBiatance  qI  tte  circuit  la 
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25  4-  1/6  c=  25  1/6  or    ^^^  ohms.    The  electromotive  force  is  1.5 

or  3/2  volt.    The  current  by  Ohm's  law  is    i.    _..  1^    _  il  = 

2      •      6  802 

0.06  ampere  nearly. 

Thus  one  arrangement  of  the  same  battery  gives  over  six 
times  the  current  given  by  the  other. 

Assume  that  the  same  battery  is  connected  on  a  circuit  of  1/5 
ohm.  With  the  cells  in  series  we  have  an  electromotive  force  of 
18  volts,  an  internal  resistance  of  24  ohms,  an  external  resistance 


of  1/5  ohm,  a  total  resistance  of  24  1/5  or 
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ohms  and  a  cur- 


rent of  18  -7- 
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or  0.75  ampere. 
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Assume  now  that  the  battery  is  connected  in  parallel.     The 
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Fio.  40t— Battery  Connected  in  Parallel  or  Multiple  Arc. 


internal  resistance  is  1/6  ohm,  the  total  resistance  is  1/5  +  1/6  = 
|J  ohm.    The  electromotive  force  is  1.5  or  3/2  volt;  the  current  is 

2.  ^  H  -  ??  =  4.09  amperes. 
2  ^80  ""22 
A  low  external  resistance  increases  the  current.    An  internal 

resistance  equal  to  the  external  resistance  gives  the  greatest  cur- 
rent which  the  battery  can  produce  through  such  external  resist- 
ance.    These  are  the  principal  laws  of  battery  connection. 

Batteries  may  be  arranged  in  other  ways.    Assume  the  battery 
to  be  arranged  three  in  paraUe]  and  four  in  seriea.   \\&  x^^VsXaAikR.^- 
varying  directly  with  the  ceJJs  in  series  and  \ii\eT«»^Vj  ^VOc^  XX^l^ 
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cells  in  parallel,  the  resistance  of  the  combination  is  given  by- 
multiplying  the  resistance  of  a  single  cell  by  4/3;  2X4/3  =  8/3 
ohms,  the  resistance  of  the  battery  thus  arranged. 

The  electromotive  force  is  unaffected  by  the  number  of  cells 
in  parallel  but  varies  directly  with  the  number  in  series.     The 


Fig.  41.— Battbrt  Akbanged 
Thbeb  in  Sbbies  and 

Two  IN  PABAIiLEIi. 


riG.  42.— Battery  Arranged 
Two  IN  Series  and  Three 

IN  PARALIiEIi. 


electromotive   force   is   therefore   equal   to   3  X  1.5  =  4.5    or    9/2 

volts:  and  the  current  by  Ohm's  law  is    .L  ^  —  —  zl  —    1.69 

a    •     3        16  "" 
amperes. 

In  late  years,  as  primary  batteries  are  being  supplanted  by 
other  generators,  battery  calculations  are  of  less  importance  than 
formerly.  They  should  be  understood  and  practised  as  they 
give  an  excellent  insight  into  Ohm's  law. 

In  Figs.  40,  41  and  42  three  different  arrangements  of  six  bat- 
tery cells  are  shown. 


CHAPTER    VII. 

STORAGE  BATTERIES. 

The  Primary  Battery. — ^A  primary  battery,  as  has  been  ex- 
plained, consists  essentially  of  two  plates  or  electrodes  and  o£ 
an  electrolyte  or  fluid,  which  attacks  one  of  the  plates.  As  hydro- 
gen gas  accumulates  on  the  unattacked  plate,  some  highly-oxi- 
dized substance  is  often  used  to  provide  oxygen.  This  oxygen 
combines  with  the  hydrogen  and  forms  water. 

Only  one  plate  is  attacked,  because  the  material  of  the  plates 
differs.  One  is  made  of  a  metal  soluble  in  or  attacked  by  the 
electrolyte;  the  other  is  of  a  material  on  which  the  electrolyte 
has  no  action. 

When  a  primary  battery  produces  a  current,  three  things  hap- 
pen. The  soluble  plate,  practically  always  zinc,  dissolves.  The 
electrolyte  becomes  exhausted  as  it  dissolves  the  zinc.  The  de- 
polarizer becomes  exhausted  by  giving  up  its  oxygen  to  the 
hydrogen  and  forming  water.  To  put  the  battery  into  working 
order,  a  new  zinc  plate,  new  electrolyte,  and  new  depolarizer 
must  be  supplied,  and  the  old  exhausted  solutions  and  depolar- 
izer are  thrown  away.  This  involves  a  great  deal  of  labor,  which 
is  expensive,  and  requires  new  zinc  and  chemicals,  which  are 
also  expensive. 

Action  of  a  Storage  Battery.— A  typical  storage  battery  in- 
cludes the  elements  cited  above.  There  is  an  electrolyte,  two 
plates,  and  a  depolarizer.  The  production  of  current  oxidizes 
and  may  dissolve  the  material  of  one  plate,  and  the  electrolyte 
is  exhausted  in  the  process.  The  hydrogen,  which  seeks  the 
inactive  plate,  finds  there  a  depolarizer,  and  this  is  ^adually 
decomposed  and  reduced  as  it  supplies  oxygen  to  the  hydro^^exi.. 
Alter  a  time  the  battery  is  exhausted,  and  no  \onget  Vn  ^  ^w;^^- 
t/on  to  produce  current. 
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Regeneration. — To  regenerate  it,  neither  labor  nor  supplies  are 
needed.  A  current  of  electricity  of  opposite  direction  to  that 
which  the  battery  originally  produced  is  passed  through  it. 
This  reproduces  by  electrolytic  reduction  the  attacked  electrode 
on  one  plate;  it  forms  upon  the  other  plate  the  depolarizer, 
also  by  electrolysis.  As  these  two  actions  take  place,  the  elec- 
trolyte is  restored  to  its  original  strength.  After  a  suflftcient 
time  of  "charging,"  as  this  process  is  termed,  the  battery  is 
restored  to  its  original  condition.  The  charging  current  is 
stopped,  and  the  battery  is  ready  for  producing  current  again. 

In  place  of  labor,  chemicals,  and  new  zinc  plates  we  have  elec- 
tric energy,  in  the  shape  of  a  current  with  electromotive  force. 
The  electric  energy  is  produced  at  a  cost  far  less  than  the  equi- 
valent in  primary  battery  supplies.  The  storage  battery  also 
has  an  exceedingly  low  resistance.  These  are  the  causes  of 
its  economy,  and  its  economy  has  made  it  available  for  the 
heaviest    service. 

The  accumulator,  storage  battery,  or  secondary  battery  as  it 
is  indifferently  called,  is  a  battery  which,  when  polarized  or  ren- 
dered inactive  by  production  of  a  current  for  a  time,  can  be  re- 
stored to  its  original  condition  by  passing  a  current  through  it 
in   the   reverse   direction. 

Qrove'8  Gas  Battery. — Grove's  gas  battery,  which  dates  back 
to  1829,  Is  the  first  prominent  storage  battery.  Plates  of  plati- 
num are  contained  in  tubes  airtight  at  the  top  and  open  at 
the  bottom.  The  lower  ends  are  immersed  in  vessels  of  dilute 
sulphuric  acid,  each  tube  being  filled  with  acid  before  immer- 
sion, and  kept  full  until  immersion.  Air  pressure  then  main- 
tains the  column  of  water  in  each  tube.  The  platinum  plates  are 
connected  as  shown  in  the  cut.  Fig.  43.  MM  are  the  cups  of 
dilute  acid.  P  and  N  indicate  the  main  leads.  A  charging  cur- 
rent entering  at  A  and  leaving  at  B  charges  the  tubes  A,  A',  etc., 
with  oxygen  gas,  and  those  marked  B,  B',  etc.,  with  hydrogen 

,  H.    The  latter  has  almost  exactly  double  the  volume  of  the 

%  O,  as  la  Indicated  by  the  level  of  the  letters  H  and  O  in 

By  this  operation  the  platinum  plates  are  caused  to 

n  the  solution.    When  pretty  ^^\\  ex^o^^^,  ^"wsXi.  sur- 

*       m  S9^  oxygen  and  YiyAxosetx  t«s^^W^^\1x^V 
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the  terminals  are  disconnected  rrom.  the  charging  circuit,  a  cur- 
rent in  the  reverse  direction  can  he  talien  from  the  battery  by 
connecting  the  plates  with  a  wire  Just  as  i!  they  were  ordinary 
battery  plates.  The  hydrogen  and  oxygen  disappear  as  current 
is  taken,  and  the  plates  become  covered  with  the  solution  again. 
The  platinum  plate  in  the  oxygen  tube  represents  the  copper  or 
carbon  plate  in  an  ordinary  battery.  The  hydrogen  in  the  other 
tube  represents  the  zinc.  The  platinum  plate  plays  the  nile  of 
conducting   electrode. 


I 


l-iU     tJ  — UIIO^  E  ■<  (.    V8  BiTTBRr 

Sometimes   the  battery  was   charged   by   introdudng  hydrogen 
and   oxygen   gases  directb    into   the  tubes 

Under   faiorabie   circumBtanceB   each   couple  eIvch   0S43   volt 
electromotive    force 

E^-en  before  Groies  date  in  1803  Hitter  built  up  piles  with 
dldka  of  Identical  metal  throughout  separated  by  cloth  mois- 
tened with  dilute  sulphuric  acid.  A  • 
caused  hydrogen  gas  to  accumulate  o 
oxygen  on  the  other.  On  <lls' 
etarent.  a  reverse  currei 
W9r9  cpanected. 


by  it  wUen  to  XMavN-taN* 
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Much  work  of  scientific  interest  has  been  done  in  this  line 
of  research.  Palladium  and  carbon  have  each  been  substituted 
for  platinum,  and  the  effect  of  a  porous  diaphragm  separating 
the  plates  has  been  tried. 

The  gas  batteries  are  only  of  scientific  interest,  they  have  no 
practical  value.  The  following  have  been  given  as  the  require- 
ments of  a  practical  storage  battery. 

Requirements  of  a  Storage  Battery. — It  must  absorb  the  great- 
est quantity  of  "electric  energy"  with  the  smallest  volume,  and 
above  all  with  the  smallest  weight.  The  charge  should  be  re- 
tained for  long  periods  without  loss.  The  battery  should  make 
a  good  return;  its  efficiency  should  be  high.  The  battery  should 
give  a  constant  current,  without  intermittence,  and  should  be 
subject   to   regulation. 

Function. — Before  going  on  with  the  subject,  the  function  of 
storage  batteries  may  again  be  referred  to.  They  do  not  directly 
store  electricity,  except  a  little  which  is  incidental  only  and 
not  taken  into  accouYit.  Their  action  is  simply  to  provide  a 
battery  which  when  exhausted  can  be  brought  back  into  its  orig- 
inal condition  by  electrolysis.  It  is  as  if  a  carbon  zinc  sulphuric 
acid  couple  were  so  constructed  that  when  the  acid  was  expended 
and  the  zinc  dissolved,  we  could  rejuvenate  the  cell  or  repro- 
duce zinc  and  electrolyte  by  passing  a  current  of  electricity 
through  the  battery.  The  current  would  have  to  go  in  the  oppo- 
site direction  to  the  natural. current  of  the  battery. 

As  a  matter  of  convenience,  we  speak  of  the  amount  of  elec- 
trical energy  a  battery  can  store  up.  Properly,  it  is  potential 
chemical  energy  which  is  stored  up;  the  other  expression  is 
practically  correct,  and  can  be  used  to  express  the  result.  As 
long  as  the  action  of  the  battery  is  understood,  the  convenient 
expression  can  be  used  without  implying  a  misunderstanding  of 
the  theory. 

Plant^'s  Battery. — In  1859  or  1860  Gaston  Plants  first  solved 
the  problenL    The  importance  of  his  work  is  shown  by  the  use 

'  the  Plants  principle  in  batteries  of  the  present  day.     Lead- 
I  electrodeB  are  still  the  most  successful  ones  for  storage 
•■  and  to  Plants  Is  credited  their  ftrat  wse  in  this  role. 
'  luattory  was  made  ot  two  sYieela  ot  \^a.^.    "^^^i 
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are  laid  flat,  oue  above  the  other,  with  a  non-conducting  sati- 
stance  or  stripa  between  them.  Canvas  was  one  of  the  first 
separators  used;  later,  India-rubber  strips  were  employed.  The 
plates  have  each  a  strip  of  its  own  substance  projecting  from 
a  corner.  The  two  plates  with  interveofng  inaulating  strips  or 
equivalent  are  then  rolled  up  into  a  spiral.  The  process  and 
its  result  are  shown  In  Fig,  44.  The  plates  must  not  touch,  or 
the  couple  will  be  short-circuited  and  inactive.  The  plates  are 
imineraed  in  a  10  per  cent  solution  of  sulphuric  acid. 
Forming.— The  next  process  is  tbe  forroiag  or  the  plates.    Tlie 


FlO  «4-PLANn 


H  Storagb  Battkhv  Plates 


^^bject  is  fo  cover  one  plate  with  as  thick  a  coating  of  leaii  per- 
oxide as  possible   and  to  make  the  surface  of  the  other  plate  as 
spongy   as   possible      The   new   battery   is   first   subjected   to   the 
forminE   process      One   lead   plale   is   connected   to   one   terminal 
of  a  circuit  and  the  other  to   the  other.     One  plate  of  lead  col- 
lects oxygen  and   i-i  oxidized      The  other  evolves  hydrogen  gas. 
After  this   Is  kept  up  for  a  while,  the  charging  circuit  is  re- 
moved  and   the   plates   are   connected   by   a   wire.      A   current   In 
the   opposite   direction   to   that   of   the   charging  current   is   now 
[       produced       When    no    more   current    is    generated,    the   charging 
I       circuit  fs  reconnected    but  in  the  reverse  of  the  former  direction 
I     The  process  goes  on  as  before,  except  ttat.  tYi\a  Wma  \,\ie  «ftv«^ 
f    pJ»te  ie  oxidized      Then   the  battery   la  dlachatgeiii.,  aa4  ^'i  ^^ 
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charged  in  Uie  orlgiim!  iiirertlon.  This  sequence  of  processes 
may  be  kept  up  several  months.  It  ia  of  imimrtance,  before 
connecting  the  revprsed  charging  current,  to  have  the  battery 
almost  completely  discharged.  Sometimes  the  solution  is  heated, 
to   accelera,te   the   forming   process. 

To  assist  the  forming  proeesB,  the  surface  of  the  plates  may 
be  mechanically  roughened,  or  may  he  corroded  with  dilute 
nitric  acid.  Wlien  formed,  one  plate  la 
reddish  in  color  because  It  is  covered  with 
binoside  of  lead,  PbO,.  This  plate  la  called 
the  positive  plate  in  storage  battery  nomen- 
clature, although  it  corresponds  to  the  car- 
bon plate  in  primary  batteries.  Many  modi- 
fications of  the  battery  have  been  made. 

The  first  electromotive  force  given  hy  a 
Plants  couple  la  2.53  volts.  This  soon  (alls 
to  2.1  volts,  and  tor  two-thirds  of  the  dis- 
charge it  remains  at  2.03  volts. 

The  resistance  of  a  cell  with  775  aqtiare 
inches  of  total  lead  surface  with  plates  0.2 
inch  apart  varies  from  0,04  to  O.OS  ohm,  ac- 
cording to  the  condition  of  the  plates. 

Storage  Capacity.— A  Plante  couple  will 
give   36,300  coulombs   per   kilogramme  of 
lead  for  its  whole  discharge.     At  2  volta 
.  this  gives  72,720    volt-coiilombe,   or  about 
95  horse-power  seconds,  or  about  0,03  horse- 
power-hour of  energy.     It  returns  89  to  90 
I  cent  of  the  coulombs  used  in  charging  it.     As   much  as  19 
Dimes  of  copper  per  1,000  grammes  of  lead  electrodes  has  been 
)slted  by  It  on  a  single  charge. 

p  connecting  800  elements  in  series,  M.  Plants  obtained  sparks 
bchee  long. 

e'»   Battery.^In    1S81    Faure   used    red   oxide   of   lead   in 

!   wilh   lead   plates.      The   plates   were   coated   with  a 

f  red  lead  and  acid.    Parchment  paper  and  felt  ware  placed 

•  laxer,   and   'he   plates   were  rolled   up  with   intervening 

1  rubber,  as  in  Plant^'a  oTig\"aa.\  tcW.  W  is  ^sus^jii 


STORAGE  BATTERIES.  131 

in  Fig.  45.  This  construction  was  defective  from  several  aspects. 
The  felt  increased  the  resistance,  might  tear  and  short-circuit 
the  plates,  and  the  lead  oxide  had  very  poor  adherence. 

The  Faure-Sellon-Volckmar  Battery.— In  this  battery  the 
felt  and  parchment  paper  were  not  used.  The  plates  were 
pierced  with  holes,  and  red  lead  was  packed  into  the  holes  in  the 
positive  plate  and  litharge  into  those  in  the  negative  plate.  In 
charging,  the  litharge  is  reduced  to  spongy  lead,  the  red  lead  is 
oxidized  to  brown  oxide   (PbOa). 

In  this  battery  straight  plates  or  grids  were  substituted  for 
the  spiral  rolled  plates  of  the  Plants  and  Faure  cells.  The 
weight  of  a  30-kilogramme  cell   (66  pounds)   was  thus  divided: 

Lead  electrodes  and  oxides 16.8  kilos.  37  pounds 

Acid     6.5  kilos.  14  pounds 

Cell 6.0  kilos.  13  pounds 


,     *  29.3  kilos.  64  pounds 

The  formation  of  the  cell  took  about  100  hours.  An  electro- 
motive force  of  about  2  volts  was  produced  on  its  discharge. 

Chemicat  Action* — The  following  reactions  are  ascribed  to  the 
storage  cell  with  lead  plates,  by  Gladstone  and  Tribe.  First  is 
the  discharge  or  action  of  the  battery: 

—  +  —  + 

Pb  +  2H2  SO4  -f  Pb  O,  =  Pb  SO,  +  2H2O  +  Pb  SO4. 
The  —  and  -f  signs  above  the  line  indicate  the  positive  and 
negative  electrodes.    For  the  charge  the  layers  of  lead  sulphate, 
Pb  SO4,  have  to  be  brought  back  to  their  original  condition,  one  to 
metallic  lead,  Pb,  the  other  to  peroxide  of  Pb  Oo. 

-f-  Electrode  Pb  SO,  +  O  +  H.O  =  Pb  O.  +  H^  SO,. 

—  Electrode  Pb  SO,  +  2H  =  Pb  +  H,  SO,. 

There  are  other  theories.  The  above  is  so  simple  that  it 
will  answer  in  the  existing  circumstances  as  at  least  a  general 
explanation  of  the  reactions. 

A  great  number  of  variations  in  construction  of  storage  bat- 
teries have  been  tried.    It  is  astonishing  how  smaW  a.  ^^^^\\>\\^ 
from  the  Plant6  and  Faure-SeJJon-Volckmar  ceWa  \iaa  \i^e\i  \aaAfc 
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by  modern  constructors.  The  Plant*  plate  elightly  modified  is 
sUU  in  use  in  modfirn  liatteries.  But  Planlfi  did  much  more  than 
is  spokea  of  here.  He  constructed  batteries  with  fiat  parallel 
plates  separated  by  insulating  buttons  not  conQnlng  himself  to 
spiral   plates  as  in  his  first   efforts. 

Resistance. — The  increasing  of  the  plate  area  in  storage  bat- 
teries effected  an  improvement  in  the  direction  of  efficiency  of 
the  entire  circuit.  It  lowered  the  resistance  The  nature  of 
the  electrolyte  in  Planti5's  battery  added  to  this  effet-t  as  the 
eonductivity  of  dilute  sulphuric  acid  is  high  All  storage  bat- 
teries are  constructed  with  a  view  of  lowering  re&iitance  and 
for  indUHtrial  purposes  are  made  very  large  The  effect  of  this 
is   that   exceed iuRly   large   currents   can   be   taken    from   them 

To  accelerate  the  charging  process  or  to  ghe  the  plates  a 
better  and  deeper  active  area,  subdivision  ol  the  plate  surface  is 
resorted  to. 

Qould  Storage  Battery. —  In  this  batterj  the  Plants  system  of 
direct  formation  of  a  solid  lead  plate  ii  adhered  to  but  to  in- 
crease the  surface  the  lead  plate  Is  me  hanicailj   treafpd 

A  very  dense  rolled  lead  of  chemical  purity  is  used  for  the 
plates.  This  Is  cut  Into  blanks  of  the  desired  &i/e  of  the  plate. 
The  blanks  are  placed  In  steel  frames  and  caused  to  move 
hack  and  forth  in  reciprocating  motion  between  two  rollers. 
These  rollers  consist  of  revolving  shafts  on  which  are  strung 
steel  disks,  separated  from  one  another  by  alternate  washers  also 
strung  on  the  shaft.  The  composite  rollers,  press  upon  both 
surfaces  of  the  lead,  and  form  It  into  ridges  and  grooves  The 
shape  and  sijaeing  of  the  steel  disks  determine  the  shape  of 
ridges  and   grooves. 

The  action  is  not  simply  cutting.  The  lead  yields  to  the 
pressure,  and  by  '"cold  flowing"  rises  up  into  ridges  between  the 
forming  disks.  No  lead  is  removed,  it  is  simply  pressed,  burn- 
ished, and   spun   into   shape.     The   length   of   path   traversed  by 

B  rollers  can  be  varied.  On  the  small  plates  It  is  a  little  short 
o/  iJie  length  of  the  plate.  This  leaves  an  unspun  portion  at 
eacA  end.  which  portion  anchors  the  t\\»9,  \-q.  ■p\».t.e.  Qm  NM^e 
■  e.   t>y  rolling   the   plate  in   two   ot  move  &ert\ot.^.  a, -aawtoat 

UiBverse    unsp>m    portions   are  \ci\.  a-ai  «.me\.\m<.^  ^^TV\«i!. 
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engthening  bars  are  left  untreated.  A  plate  may  be  divided 
is  into  any  desired  number  of  areas  of  ribbed  surface,  sepa- 
ed  by  solid  bars  or  bridges  to  stlHen  the  plate  and  anchor  the 


111  is  process  increases  the  surface  of  the  lead  from  ten  to 
laty  fold,  yet  gives  a  one-piece  plate.  From  200  to  400  square 
hes  of  surface  per  pound  of  lead  are  produced;  250  square 
hes  of  surface  per  ampere  of  normal  current  is  given.  The 
s  vary  from  0.006  to  0.040  inch  thick,  according  to  the  work 
sy  have  to  perform.  The  negative  plate  generally  has  ribs 
12  inch  thick.    The- grooves  vary  from  0.005  to  0.024  inch  wide. 


.  U.— PosnivB 


ffben  the  plates  are  formed,  which  is  done  eleptro-chemiially, 
I  grooves  become  charged  with   material,  lead  peroxide  or  re- 
!ed   lead,   whose   presence   reinforces   the   ribs. 
ITiB  great  area  of  active  surface  operates  to  give  the  battery  a 
T  low  resistance,  so  that  a  very  heavy  current  can  be  taken 


a  It. 

I  the  ( 


,  Fig.  . 


I  positive  and  negative  Gould  plate  t 


elloA-UptoD    Battery,    Philadelphia The  pVates  Va  feV's  ^s^-- 

'  are  rnsrte  of  chemlraUy-pure   lead.     They   ate  eaweA  Wft-Tia- 
ilr  pan  through,  so  as  to  form  them  \tito  naTtQ-B  ■VvO'c\7n'cA-&X 
^e/7  ^fe.^^  together.     They  are  formeA  \)1  e\eATO-eV^w-^- 
«»*»-     '"e  positive  and  negative  plates  tot  eacU  «ie\\,  w^" 
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of  the  cells  without  danger  of  Injuring  tiie  piatea  in  any  way. 
The  plates  are  made  of  pure  lead,  and  are  electro-ciiemically 
formed.     The  battery   is   designed   to  be  very   sulistantial. 

Tte  cut.  Fig.  47,  Ehow9  On  the  left  the  front  view  of  a  plate 
whose  cross  section  is  shown  In  the  center  fi^ire.  On  the  left 
is  a  separator.  The  nest  cut,  Fig,  ■IB,  shows  the  element  com- 
plete, with  the  separators  in  place  and  all  hound  firmly  together 
by  bands  of  insulating  material. 
India  rubber  is  the  material  used. 

Crompton- Howell  Battery.— In 
this  battery  of  English  manu- 
facture, a  porous  or  honeycombed 
lead  plate  is  used.  Such  plates 
may  be  made  by  mixing  with  leail 
a  quantity  of  fragments  of  metal 
attacked  by  sulphuric  acid.  Iron 
turnings  might  thus  be  used.  The 
lead  melted  and  mixed  with  iron 
borings  would  then  be  cast  in 
molds.  On  treatment  with  acid 
the  iron  would  dissolve  and  leave 
the  lead  full  of  small  openings. 
The  plates  made  on  these  lines 
are  formed  by  the  charge  and  dis- 
charge method.  One  size  of  plate 
is  9  X  9  inches  and  "4  inch  thick. 
A  cell  with  61  plates  maintains  a 

1,000-ampere  current  for  30  minutes  before  the  potential  falls 
much  below  the  normal. 

Parted  Plates, — The  use  of  oxide  of  lead  mixed  with  sul- 
phuric acid  to  a  paste,  and  held  on  the  smooth  surface  of  a  lead 
plate  by  parchment  or  other  attachment,  proved  a  failure  in  the 
Paure  battery.  Pasted  plates,  as  they  are  called,  are  made  with 
perforallonH  or  equivalents  in  the  lead  plates,  for  the  purpose  of 
retaining  the  oxide.  Apertures  may  be  dovetailed  In  cross-see- 
tlon,  so  aa  to  retain  more  tlrmly  the  lead  oxide  which  is  pressed 
into  them, 

E.  P.  S.  Battery. —This  is  an  Engllsli  tatlerj   maA«  \>i   'Sia 


).  M.-Bbt  o: 
AH  Amebican  Storaoe 
Battery  Cell. 
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Electric  Powei  Storage  Companv  the  initiais  of  whose  title  give 
it  ita  designation  One  of  its  varieties  is  shown  ia  the  cut.  Fig. 
49  The  iilates  or  grids  are  cast  full  of  holei.  smaller  In  the 
center  than  on  the  two  surfarsh  so  that  the  secilon  of  the  hole 
s  two  dovetails  put  together  The  holes  in  the  positive 
J  filled  with  a  mixtnrR  of  red  lead  Ph  O  and  dilute 
aiilphuric  acid  This  ox- 
ide IH  the  next  to  binos- 
ide  Pb  O  The  latter  is 
the  characteristic  oxide 
of  the  positive  plate.  The 
holes  in  the  negative  plate 
lie  filled  «ith  litharge, 
no  made  into  a  paste 
w  itb  sulphuric  acid  or 
with  solution  of  magne- 
sium sulphate 

Tbe  forming  seems  like 
an  intensive  pro  "■ess  when 
ontrasted  with  the  alow 
Plante  forming    A  strong 

tion    forms    the    positive 
I  late    and  half  the  dura- 

ti^  c  plate  The  plates  are 
foaked  in  dilute  sulphuric 
acid  before  forming. 
Pt  up  in  the  cells 
they  are  separated  by 
glass  rods.  The  plates  have  downwardly-extending  prolonga- 
tions forming  feet  on  which  they  rest  on  strips  of  wood  or  equi- 
valent in  ttie  bottom  of  the  cell. 

Chloride  Battery. — This  battery  is  made  by  the  Electric  Stor- 
age   Battery    Company,    of   Philadelphia.     Lead    is    melted   and 
^owu  into  a  fine  spray,  which  cools  and  falls  In  fine  shot.     It  Is 
ffred  In  nitric  add,  and  precipitated  aa  lead  chloride.  Pb 

'  chloride   is  melted,  after  drying,  ™\\.^v  ^^■ttt  cWo-A&fe, 


Ra  49— S.P  8  Stobaob  Uatteri    LTyfb 
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and  Is  cast  into  fablpts  These  are  %  inch  square  and  from  "4 
to  5-ie  inch  thkk  Thpy  are  a  ippoaed  to  colncldp  in  IhicknesB 
with  the  plates  The  tablets  are  arranged  In  a  mold  0  2  Inch 
aiiart  and  held  there  by  pma  Lead  is  melted  and  forced  in 
under  a  prphaure  of    5  pounds  to  the  square  inch 

The  metallic  lead  solidifies  as  it  cools  and  holds  the  tablets 
of  lead  chloride  firmly  in  position  When  cool  the  plates  rep- 
resent lead  grids  or  gratings  with  the  openings  filled  with  the 
solid  mixture  of  lead  chloride  and  rlnc  thloride  The  plates  are 
now  placed  in  a  tank  alternating  with  zinc  plates  the  plates  be- 
ing In  contact  with  each  other  A  solution  of  7inc  chloride 
Zn  CI;  Is  contained  m  the  tanks  Galvanic  action  is  set  up  the 
metallic  zinc  is  attacked  hjdrogen  goes  to  the  lead  {.lates  and 
reduces  the  lead  chloride  to  metallic  lead  The  hydrogen  com 
bines  with  the  chlorine  of  the  lead  chloride  and  forms  hydro 
chloric  acid  so  that  the  lead  chloride  is  a  depolarizer  for  this 
action      The  zinc  chloride  di'^solves 

Thus  there  Is  eventually  pro!  iced  a  lead  grid  \ 
are  filled  with  spongy  lead  A  thorough  washing  r 
soluble  salts  and  the  plates  are  now  ready  for  forming  The 
great  area  of  suiface  due  to  the  spongy  lead  and  its  firm  reten 
lion  in  the  openings  faior  the  pioduction  of  a  plate  deeply  at 
tacked  in  use  and  vet  strong  and  iurable  which  are  desirable 
features  This  type  of  plate  is  especiallv  adapted  for  thp  posi 
live  plate  as  the  spongy  lead  is  in  an  excellent  condition  tor 
oxidation  and  tormation  of  lead  binoxide 

The  aitlon  on  the  plugs  of  mixed  chlorides  is  two  fold  The 
lead  chloride  is  reduced  hy  tb*"  gahanic  action  to  the  metallic 
state,  and  the  zinc  chloride  dissolves  out  The  ol  ject  of  the 
zinc  chloride  is  to  supply  the  element  of  porosity  As  it  dis 
solves  it  exposes  the  lead  chloride  in  the  interior  of  the  tablets 
10  galvanic  action,  so  that  It  Is  reduced.  The  plates,  when  the 
tablets  are  reduced,  are  formed  by  the  regular  process. 

Constant  eiforts  are  made  to  improve  the  storage  battery. 
«ither  as  regards  coat  or  efficiency.  As  a  negative  plate  the  fol- 
lowing construction  has  been  tried.  A  lead  grid  has  Its  openings 
filled  with  litharge  made  into  a  paste  with  auAp^iMtVi;  a.t'ii.  Cjnw 
eacA  face  at  the  grid  a  perforated  plate  of  \eaA  Is  wi\aete.a,  ttXft 
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operates  to  ijocket  the  litharge.  Id  forming  the  llthBrg 
reiluce:!  to  metallic  lead  ot  the  spongy  type  with  large  active 
area.  The  perforations  in  the  inclosing  lead  plates  give  the 
electrolyte  free  access  to  It.  An  antimony  alloy,  lead  95  per 
cent,  antimony  5  per  cent  or  thereabouts,  has  been  used  for  the 
positive  plate,  with  circular  holes  In  it,  25/32  Inch  in  diameter, 
set  diagonally  to  each  other. 
Corrugated  lead  ribbons  7/16 
inch  wide,  whiirh  is  the  thick- 
ness of  the  plate,  are  rolled  into 
close  spirals  and  are  forced  into 
the  apertures  in  the  plates.  A 
current  of  30  hours'  duration  is 
required  to  form  these  plates. 

In  the  battery  ceil  the  plates 
are  separatt^l  by  cherry  wood 
partitions  or  glass  rods  are  used 
as  in  the  English  B.  P,  S.  cell. 
Grooves  running  vertically  are 
made  on  the  surface  of  tie 
plates  to  facilitate  the  eaeape 
of  hjdrogen  and  oxygen  gaa  in 
the  charging  process. 

Tudor    Battery.— The   charac- 
teristic   of  this    battery    Is    the 
treatment   bj    charging  or  form- 
less  of  the  plates  as  a 
preliminary  operation  before  ap- 
plying    lead-oxide     paste.       The 
plates  are  grooved  transversely 
with  grooves  of  semicircular  cross  section.    After  the  plates  have 
had  lead  binoxide,  PbO;,  formed  upon  them,  they  are  pasted  with 
lead  oxides  in  the  regular  way,  and  are  then  rolled.         ,  ' 

Sometimes  two  types  of  plates  are  used   in  one  battery.     The      ' 
P/Aiits  type  is  very  avsi/able  for  positive  platee.    TUe  Tudor  type     \ 
fs  sometimes  ased  for  this  service  wUti  el\V<iT\ae  t-j^e.  ■nt^'Owea. 
^'*»PeadedPIatt».—T\ie  cut    Fig.  50.  aho-ws  l\o-«  1^^  lA»Afta  ^l 
='^  Of  the  fmfterles  of  thlB  company  are  aus9e^4«4  ^  '^^^  *= 


Fio.  BO.— B.  8.  B.  8T0B4OH  Battery 

with  el.eubbts   caiiried  c 

Walls  of  Trouob. 
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Projections  from  the  shoulders  of  the  plates  rest  on  the  upper 
edge  of  the  cell.  In  Figs.  51  and  B2  another  system  used  by 
the  same  company  ia  shown.  Two  heaw  plates  of  glass  rest  In 
a  vertical  position  on  supports  in  the  bottom  of  the  cell  and 
on  these  the  plates  rest.  Thcie  cuts  also  show  the  use  of  glass 
supports  or  insulating  feet  for  the  cell  and  the  connection  of 
the  plates  by  bus- bars  of  lead 

Other  Types  of  Ported  Plates  —It  lb  impobsible  to  give  any 


thing  approachinj;  a  complete  presentation  of  the  many  variations 
of  pasted  and  compound  plates.     As  an  example  of  other  meth-      , 
ods  of  making  such   plates,   Figs.  53  and   54  are  given.     Fig.   53 
shows  a  section  of  a  plate  with  apertures  adapted  to  retain  the      ' 
paste  introduced.     The  edges  of  the  openings  were  burnished  or 
rolled   down  after  the   paste  was  introduced,   thus  binding  it   In 
place,    y'tg.  54  shows  a  plate  made  by  casUng  \ea&  aiwiaft.  WvW* 
cylinders  of  porous  lead  oxide   made  up  betoTe^a.Ti6. 
Copper  Storage  Batteries.— In   this  type  ot  feaXtcrj  'Ct^a  ^^o* 
tire  plate  Is  peroxidized  lead,  as  in  tHe  Vead-p\a.\e  \«A.V«i'^'**-.  '^ 
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negative  la  copper-piatetl  lead  The  liquid  la  an  acid  solution  of 
copper  sulphate.  Tbe  eleLtromotue  force  of  a  rell  is  1  SS  lolts 
In  another  form  amalgamated  lead  was  used  Thp  mercury  His 
solved  during  the  charging  proppss   and  left  the  lead  in  a,  better 


Hl 
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condition  for  peroxidlzing.  An  advantage  elaimeii  for  copper 
sulphate  storage  batteries  was  that  the  color  at  the  solutions 
showed  their  condition.  When  It  was  colorless,  they  were  fully 
charged;    when   discharged,  the  solution   was   blue. 

Zinc  Acid  Storage  Batteriea.^In  tbis 
type  the  positive  plate  is  peroxidlzed  lead; 
the  negative  is  zinc-plated  lead,  the  solu- 
tion is  an  acid  solution  of  zinc  sulphate.        .' 
The  electromotive  force  Is  2.3  volts. 

Waddell-Entz    Battery.— This  is  a  cop-         i 
per  oxide  zlnt  caustic  potash  couple.  Some 
years  ago  it  was  used  on  one  of  tbe  street 
railroads  in  New  York,  hut  never  acquired 
very  extensive  use.    The  operation  of  dia-        ,| 
charging  is  thai  of  the  Lai  an  de-Chaperon         ' 
battery.     Oxide  of  copper,  CuO.  coating         | 
tbe  positive  plate,  is  reduced  to  metallic         j 
copper,  and  zinc    is    dissolved   from   tbe         ,' 
negative  plate.     On  charging,  the  positive  : 

plate   is   oxidized    to   copper   oxide.      The  I 

alkaline  solution  of  zinc  Is  elcctrolyzed.         i 
and   metallic   zinc   is   plated   or   deposited  J 

Like  the  Lalande-Caapetoa  cell  its  elee-  | 
troroatlre  fori'e  is  low.  being  only  0,7  volt",  a^OM^-  ofit-VtAri -ftaiJ.  ' 
"^t  °'''^'"^''y  Pi^nU  type  of  battery,  , 

^^laoa-M  Storage  Battery.— This    batlery  ^a^^  otS&vwCAi    ^^  \ 
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5  negative  plate. 
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Blgned  to  meet  the  require mentf:  iu'vohed  In  operating  an  eiee  J 
trie  automobile  Tlie  service  is  a  very  severe  one  and  greatly 
reduces  the  efBciency  of  the  lead  plate  battery  because  the  cur 
rent  is  sometimes  used  at  sui  h  high  rates  The  lead  plates  are 
liable  to  suffer  greatlv  at  these  high  discharge  rates  and  in  the 
mechanical  disturhanre  to  which  they  are  subjected  The  wear 
on  the  battery  Is  evcessive  The  lead  plates  are  exceedingly 
heavi     nhich    is   a    disadvantage 

In  designing  a  battery  to  compete  with  the  lead  plate  com 
bination  no  comparison  can  be  instituted  with  the  efficiency 
or  durability  of  the  larefullv  treated  station  battery  In  an  elec 
trie  power  station  charge  and  dischaige  are  exaLtly  regulated, 
and  every  pretautinn  is  taken  to  maintain  the  battery  in  the 
best  condition  of  efBciencj  In  an  automobile  the  discharge 
rate  on  hills  has  to  be  \ery  heaiy  The  automobile  is  supposed 
to  take  the  people  m  it  home  and  to  do  this  the  discharge  may 
be   carried   too   far 

The  EdKon  battery  possibly  of  lower  effiiiencj  than  the  lead 
plate  batter>  Is  almost  unaffected  by  causes  which  operate  dls 
astroiislr  on  the  lead  plate  combination  It  can  be  chained  and 
discharged  at  high  rates  without  hurting  it  The  ability  to  'Jtind 
rapid  charging  may  be  of  considerable  advantage  In  the  condi 
tlons  confronting  its  use 

A  sieel  grid  1/40  inib  thick  is  the  foundation  for  a  plate  It 
contains  in  the  one  illustrated  Fig  55  twentj  four  perforations 
For  each  perforation  there  is  provided  a  little  perforated  steel 
box  or  pocket  Each  pocket  is  made  in  two  pieces  one  entering  1 
into  the  other  like  the  top  and  bottom  of  a  very  shallow  tin  ' 
box  Each  Ion  is  3  inches,  long  '.  inch  wide  and  3/16  Inch 
deep,  fitting  the  perforations  accurately.  . 

Two  sets  of  briquettes  or  cakes  are  made,  which   go  into  the     " 
boxes,  one  set  for  the  positive  plates  containing  oxide  of  nickel; 
lie   other   set   for   the   negative   plate   containing   oxide   of   iron. 
Graphite  is  mixed  with  the  oxides  to  improve   the  conductivity. 

If  a  positive  plate  is  being  made,  the  t'«eTitY-to\i't  \iaiie&  a^ 

pertafninfT  to   It  are  aileO    with    the   nic\ieVox\ae  \)t'i(XSS.e\.\a9„  ftva 

perforated    rover   Is   puf   on    each,    and    t\iey    aire   -pXiicBei  \ix  'Obb 

opeoluss    in    the    grid.       The    whole    \9    QOW    su\i^ec^.ea    \.'i   ^'>« 

Ik  i 
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preBBure.  The  platen  and  bed  of  the  preee  have  rlba  which 
corrugate  the  boxes.  They  are  compressed  to  about  one-third  of 
their  original  thickness.  As  tbey  expand  laterally  under  the 
preBBure,  they  are  driven  against  the  sides  of  the  holes  In  the 
Bteel  grids,  and  their  sides  bulge  out  over  the  ribs  of  the  grids 
on  both  Bides  of  them.  The  whole  combination  of  grid  and 
twenty-four  pockets  Is  consolidated  thus  into  a  strong  plate, 
free  from  shake,  with  good  electrical  contact  between  tioxes  and 


_-^ 

^     r  J 

l„„._i; 

-          ^^^S 

Flo.  1! 


grid.     The  negative  plates  receive  identical  treatment.     There 
Is  no  difference  In  appearance  between   positive  and    negative 
plates,  the  characteristic  colors  of  positive  and  negative  of  the 
lead  plates  finding  no  representatives. 
The  electrolyte  la  a  solution  of  caustic  soda  or  caustic  potash. 
Tjjff  BolutloB   suffers  no  change  in  use  ex.c«?t  in  its    gradual 
^OBB  of  water. 
?»«  eoataJniBg  jar  fa  of  corrugated  atieel  8t«e\,  aaft.  \i*xi-^*i- 
*■  tupporta  and  separators  lor  the  p\atea  &ve  ^sftft..   '^'li'i  ■*»*« 
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are  grouped  In  alternation,  Fig.  56,  Just  like  the  platee  In  a  lead- 
plate  storage  battery,  with  insulating  separators  and  Bupports,  ' 
Fig.   57. 

The  action  of  the  hattery  is  efmple.  Tlie  charging  current  oxi- 
dizes the  nickel  to  superoxide  Nl  0„  and  reduces  the  iron  to  the 
metallic  state,  in  the  discharge  the  Iron  tB  oxidized,  and  the 
nickel  superoxide  is  reduced. 


¥10.  56.— Thi  Edi- 
son SrcitAoa  Bat- 


The  cover  Is  soldered  to  the  Jar,  and  is  provided  with  two 
Htufflng  boxes,  through  which  the  terminals  or  pole  pieces  pro- 
trude. Another  mounting  on  the  top  Is  called  a  separator.  It 
contains  wire  gauze  to  catch  any  spray  which  may  be  thrown 
up  In  the  charging.  This  acts  to  economize  solution.  Another 
mounting  is  caJJed  tie  flJJer.  This  is  designed  lot  ttie  \\i\.TQiMt- 
t/oa  ot  the  20  per  cent  solution  of  cauattc  potasti  ■«'U\t'tt.  Y^iYKta 
tbe  electrolyte,  or  for  the  addition  as  required  ot  4\a\.\\\%4  ^*Sj« 
"  '""^^  *'*^^  ^i^ouli  fo  add  the  rigtit  iimoM,Tit  ol  '«»•'«« 
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aa  opaque  tightt}  seaJed 
with  the  battery  which 
coming  this  difficult} 

Hard  rubber  insulators  separate  the  cells  ami  thpy  rest  upon 
sheets  ot  the  fame  material  ot  suitable  shape  Four  projei. 
tionB  on  each  fit  into  corresponding  depressiona  in  the  bottoms 
of  the  cells  Four  wooden  buttons  on  the  trav  bottoms,  fit  Into 
Ihe  indentation-i  in  the  India  rubber  insulators  leneath  their  pro 
lections  These  trays  of  spetially  selected  and  prepared  wood 
hold   fcur    fl*e    or   six   cells 

The  highest  voltage  of  discharge  Immediately  after  eharge  s 
15  volts  The  mean  collage  is  1  I  volt  The  noimal  time  for 
charging  is  three  and  one  half  hours  It  can  without  injur)  be 
charged  in  an  ho  ir  A  cell  with  fo  irteen  positive  and  fourteen 
negative  plattt  ga^e  42  5  amperes  for  six  hours  The  voltage 
started  at  1  45  fell  to  1  3  in  half  an  hour  slowly  hank  to  1  volt 
In  Ave  botir-i  and  then  in  a  few  minutes  to  0  'i  volt  At  the 
end  of  six  hours  the  loltage  was  a  moat  gone 

Its  weight  is  between  50  and  60  pounds  per  horse  power  hour 

The  Discharge  — The  normal  late  of  discharge  of  lead  plate 
storage  batteries  is  eight  hours  The>  can  be  discharged  at  a 
much  higher  rate  At  a  high  rate  of  discharge  the  ampere  hours 
are  less  than  at  the  slow  rate  The  voltage  is  albo  bomewhat  re- 
duced so  that  there  is  a  large  re  luction  m  efficiency  The  eight 
hour  rate  has  come  to  be  regaried  as  a  standard  for  all  lead 
cells  If  the  diaebarge  is  completed  n  an  lour  by  taking  a  very 
heavj  current  from  the  battery  onlv  one  half  the  ampere-hours 
are  obtained  and  the  efDciencj  is  less  than  50  per  cent  of  the 
normal 

A  rapid  discharge  Is  apt  to  injure  the  i  lates  mechanically 
If  they  are  composite  plates  of  pasted  type  they  are  eapecially 
apt  to  be  injured  the  plugs  or  active  portions  being  loosened 
or  disintegrated  The  Plants  type  may  be  p\pectel  to  resist  this 
freatmenl  better  than  composite  plates 
Discharge  on  Open  Circuit  — U  a  lialtei's  \s  \va.Te.pft  b.\v^  Vutt 
standing  on  open  circuit  it  loses  nearty  \  \>eT  ceTi\  ol  \\.s.  iJoain 
eac/i    (?aj 

^'^"Otiacturer's    Data  —When  a  batlevv  \s  9,M\-o\\a<^  ^"^^  ■=» 
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icturer  gives  the  data  as  regards  the  charging  and  discharging. 
The  two  rates  are  expressed  in  amperes,  and  are  generaily  iden- 
tical. They  vary  witli  the  time  for  the  discharge,  bat  the  charge 
Is  usually  based  upon  a  period  of  eight  hours. 

Determlnatioa  of  Dtocbarge. — There  are  several  ways  of  de- 
termining when  a  cell  should  be  considered  as  discharged. 

The  voltage  should  not  be  allowed  to  fall  below  1.70  to  1.75 
volts.  When  it  reaches  this  point,  the  cell  should  be  put  out  of 
use    and    recharged.     Some   authorities    give    1.8   volts   as   this 

The  specific  gravity  of  the  acid  in  the  ceil  changes  slightly. 
It  Is  reduced  as  the  cell  is  discharged.  No  absolute  Sgure  can 
be  given,  as  the  electrolyte  in  different  installations  will  often 
vary.     The   operalive   must   learn   to   know   his   battery. 

The  manufacturer  gives  the  discharge  rate.  If  the  discharge 
rate  is  multiplied  by  the  hours,  the  coulombs  can  t)e  calculated 
therefrom.  A  meter  will  tell  the  cou!oml)s  taken  from  the  bat- 
tery. As  soon  as  these  are  equal  to  the  coulombs  deduced  from 
the  manufacturers'  figures,  the  battery  may  \m  tafeen  as  dis- 
charged. 

The  positive  plate,  which  when  charged  la  darker  in  color,  I 
varying  from  light  brown  to  almost  black,  grows  lighter  in  tint 
as  the  hattery  is  discharged.  This  change  Is  a  very  poor  cri- 
terion. No  matter  how  much  confidence  an  operative  may  have 
In  his  ability  to  judge  by  it  of  a  cell's  condition,  color  cannot  be 
trusted  as  more  than  an  approximate  test. 

The  Charge.— After  a  battery  has  been  discharged,  the  best 
practice  is  to  charge  it  immediately.  The  rate  of  charging  Is 
given  by  the  manufacturer.  The  voltage  of  the  dynamo  must 
be  sufflcient  to  produce  this  current  against  the  electromotive 
force  of  the  battery.  As  the  hattery  receives  its  charge  its  volt- 
age rises,  so  the  voltage  of  the  dynamo  may  have  to  be  in- 
creased, because  the  voltage  of  the  battery  is  opposed  to  or  coun- 
ter to  that  of  the  charging  dynamo. 

The  voltage  required  tor  charging  at  any  inataiA  '"YA  a.VNa.'^?. 
6e  In  excess  of  that   which   (he  battery   would   &i\e  a.^  ^^^'^  ^'*'^" 
^lar^monient.      The  ohmic   resistance  ot  Ihe  circmt  ^a.a  \.Q  '^'^^ 
-  as  wen  as  the  counter  electromotive  totce,  a.»4  vo  a^et- 
1 
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come  the  latter  an  excess  of  electromotive  force  is  required  from 
the  charging  dynamo.  Hence  there  is  a  loss  in  energy  involved 
in   this   difference  of   electromotive   forces. 

This  is  sometimes  not  taken  adequately  into  account  in  dis- 
cussing storage-battery  action.  The  charge  will  be  said  to  re- 
quire a  certain  number  of  ampere  hours,  and  the  discharge  will 
be  said  to  give  a  certain  numbeY*.  But  the  ratio  of  these  quan- 
tities does  not  at  all  express  the  efllciency  of  the  battery.  The 
watts  used  in  charging  and  those  given  on  the  discharge  are 
the  data  for  determining  the  eflBciency,  and  these  depend  on 
the  voltage  as  well  as  amperage. 

As  the  battery  receives  its  charge,  the  voltage  rises.  The  rise 
is  more  rapid  at  the  beginning  and  end  of  the  charge.  When  a 
voltage  of  2.5  per  cell  is  reached,  the  charge  is  within  90  per 
cent  of  the  rated  charge,  and  the  operation  may  be  considered 
complete. 

Although  a  normal  charging  rate  based  on  eight  hours'  charg- 
ing is  given  by  the  makers,  this  can  be  exceeded.  If  a  higher 
rate  is  used,  the  hours  must  be  proportionately  diminished,  so 
that  the  product  of  hours  by  amperes  will  be  the  same  in  both 
cases. 

Specific  Gravity  Variation  of  Electrolyte.— After  a  battery 
is  in  working  order,  the  specific  gravity  of  the  solution  in  the 
cells  should  be  taken  when  it  is  fully  charged  and  when  it  is 
discharged.  These  two  figures,  which  will  differ  from  each 
other  by  about  0.025,  may  be  used  to  determine  the  condition  of 
the  battery  subsequently.  The  solution  in  different  batteries 
varies  slightly,  so  for  each  one  the  specific  gravity  should  be 
determined.  The  specific  gravity  of  the  solution  when  the  bat- 
tery is  charged  should  be  about  1,225;  when  discharged,  about 
1,200. 

The  reason  of  this  variation  in  specific  gravity  can  be  under- 
stood from  the  general  description  of  the  action  of  the  lead-plate 
storage  battery  given  on  page  131.  When  a  battery  is  discharged, 
a  part  of  the  sulphuric  acid  has  combined  with  the  lead  and 
formed  lead  sulphate  on  both  plates.  Lead  sulphate  is  almost 
insoluble  in  water  and  in  dilute  sulphuric  acid.  The  acid  com- 
blned  with   the  lead  is  therefore  wUMxa^ii  ^tiWx^Vj  Vcotccl  \Xv^ 
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solution.  Sulphuric  acid  has  a  much  higher  specific  gravity 
than  water,  so  that  its  removal  from  the  solution  reduces  the 
specific  gravity  thereof.  When  the  battery  is  charged,  the  lead 
sulphate  on  both  plates  is  decomposed,  lead  binoxide  and  me- 
tallic lead  being  formed  from  the  sulphates,  and  the  sulphuric 
acid  radical  enters  into  solution,  forming  sulphuric  acid  and  in- 
creasing the  specific  gravity  of  the  solution. 
The  specific  gravity  is  usually  determined 
by  a' sensitive  hydrometer.  If  not  sensitive, 
it  is  useless  for  storage  battery  work. 

Hydrometers.— Fig.    58    shows   two   kinds 
of  hydrometer.     One   is   a  tube   perforated 
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Fio.  68— Htdbo- 
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Fig.  69.— Hydrometer  Set. 


at  the  bottom  and  containing  beads  of  varying  specific  gravity, 
the  heavier  ones  below  in  order  of  their  specific  gravity.  A  hook- 
ed tube  at  the  top  admits  air.  Immersed  in  the  solution,  the 
bulbs  which  float  give  the  approximate  specific  gravity.  The 
other  is  the  regular  floating  hydrometer.  It  floats  higher  as  the 
liquid  is  heavier,  and  the  scale  on  its  stem  is  to  be  read  at  the 
level  of  the  solution. 
The  GoatiDg  hydrometer  may  be  floated  direeU^  Vft.  V\v^  "^^"V:" 
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tery  Jar.  Otten  a  heavy  glass  test  tube,  shown  In  Fig.  59,  Is 
used  to  hold  it,  and  tlie  test  tube  Is  filled  by  a,  pipette  with 
India-rubber  bulb.  On  putting  the  mouth  of  the  tube  In  the 
solution  of  a  Jar,  squeezing  and  releasing  the  bulb,  the  solutfon 


Is  drawn  up  and  can  be  dropped  into  the  test  tube  by  squeezing 
the  bulb.  Another  apparatus  Is  shown  in  FIr,  60.  The  hydro- 
Tneter  Is  Inclosed  in  a  pipette.  A  stricture  or  annular  projection 
t  the  middle  of  the  pipette  keeps  the  hydrometer  away  from 
'  vmJJs  of  the  pipette.  By  placing  ttve  o^ea  \q-w«c  end  of  the 
»  In  the  eolution  with  the  tiul^  Ki\).ee7.e4  »,u4  T%\«»a\a%  Vt, 
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the  solittion  rises  Inlo  the  pipette  and  floate  the  hjdiomeler  Fig  J 
61  BhowB  a  hydrometer  -without  graduation  a  scale  attached  to  t 
the  battery  plate,  and  Just  touchiuE  the  aolutton  with  its  pointed  j 
lower  end,  giving  the  basis  for  reading  Thi-,  obviates  the  read  I 
Ing  of  the  water  level  on  the  stem  of  the  hjdrometer  which  1b  1 
rather  inaccurate.  j 

OaBsIng.— When  a  battery  is  receiving  its  iharge  the  water 
!n  the  electrolyte  undergoes  decomposition  hjdrogen  toing  to  one  I 
plate  and  oxygen  to  the  other.  The  hKiro^en  reduces  the  lead  J 
oxide  of  the  lead  sulphate  on  the  negative  pKte  to  metallic  lead  i 
with  formation  of  water.  The  oxygen  oxidizes  the  lead  oxide  | 
of  the  lead  sulphate  on  the  posithe  plate  to  lead  binoxide  Sul  '■ 
phuric  acid  is  produced  from  the  lead  t-ulphate  on  both  plates  , 

If  a  battery  worked  perfectly  It  Is  evident  from  the  above  ' 
that  no  gas  should  be  given  oft  Some  evolution  of  gas  may  be 
looked  for  always  during  the  last  hours  of  the  chaiging  process  1 
A  Blight  bubbling  may  occur  during  most  of  the  charging  pro-  i 
cess,  but  much  of  the  hydrogen  and  oxygen  are  dioposed  of  ' 
as  described  above,  and  do  not  appear  as  gases  But  when  the  '] 
battery  is  charged,  the  sulphate  on  the  plates  is  exhauBted  and 
can  no  longer  dispose  of  the  oxvgen  and  hydrogen  Theie  are  J 
then  evolved  In  quantity,  and  the  battery  gases  violently  I 
Sometimes  the  solution,  which  Is  really  transparent  as  water,  M 
la  so  charged  with  fine  bubbles  that  it  appears  to  be  milk  white 

Gu  Evolution. — The  evolution  of  gas  inevitable  with  storage 
batteries,  Is  a  distinct  defect,  and  it  is  greatly  to  be  wished  that  : 
it  were  not  inevitable.  It  changes  the  specific  gravity  of  the 
solution  by  carrying  oft  spray,  make^  the  air  of  the  battery  room 
almost  irresplrable,  corrodes  all  brav^  or  Iron  objects  and  tends 
to  produce  external  short-circuiting  by  depoMtlng  a  film  of  mois 
ture  on  the  outside  of  the  cells  and  shelving  No  ventilation 
Beems  adequate  to  overcome  this  trouble  The  outside  of  glass 
cells  should  be  kept  dry;  if  of  wood  oil  can  be  applied  to  them 
to  repel  moisture.  Such  precautionif  ai  these  opeiate  to  prevent 
leakage  of  current.  Supports  for  the  cells  made  of  glass  or 
porcelain  are  often  used.  Such  are  ihown  In  Fi;,  62  These 
contain  oil  In  the  shaded  portion   but  oil  la  tiQl  mwc'ii  u=iaft.  ■ao's 
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"petticoat"  porcelain  supports  being  used  instead,  Figs.  63  and 
64.     One  is  placed  under  each  corner. 

All  copper,  brass,  or  iron  should  be  excluded  from  the  storage- 
battery  room.  Not  only  will  these  metals  corrode,  but  there  is 
always  danger  that  the  drip  from  them  will  get  into  the  bat- 
teries and  permanently  injure  them.  Cables  should  be  lead-cov- 
ered. 

The  First  Charge. — The  first  charging  of  a  new  battery  should 
be  at  half  or  less  than  half  the  normal  rate.  Twenty  or  thirty 
hours  may  be  given  to  it,  instead  of  the  normal  eight  hours. 

If  the  normal  charging  rate  is  unknown,  it  may  be  found  by  di- 


Fio.  62.    Oil.  Insulatino  Supports  fob  Stobaob  Battery. 


:^ 


\^ 


Figs.  63  and  64.— Pbtttcoat  Insulator  for  Storagb  Batteries. 

viding  the  ampere-hours  of  the  battery  by  8.     A  400-ampere-hour 

battery  should  be  normally  charged  by  a  _llX^=  50-ampere  cur- 

rent  giving  10  to  20  amperes  for  the  first  charge. 
Automatic  Cut-Out  or  Circuit  Breaker.— A  danger  always  ex- 
ists in  charging  a  storage  battery.  The  voltage  of  the  battery 
will  rise,  and  that  of  the  generator  may  fall,  so  that  the  battery 
will  discharge  itself  through  the  generator,  and  will  cause  the 
latter  to  work  as  a  motor.  In  some  cases  it  may  burn  out  the 
armature. 

To  prevent  this  accident  automatic  cut-outs  are  used,  which 
^^^/?  t/ie  circuit  closed  as   long  as  a  CMTxent  \^  ^^ja^Viv^  \ft  >Ccvfe 
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battery.  Such  operates  by  keeping  tbe  cirtuit  closed  tintil  Ibe 
current  falls  below  a  certain  intensity.  If  it  falls  below  [iiis 
point,  the  eiruuit  automatically  opens.  It  will  be  found  de- 
scribed under  Circuit.  Breakers,  Chap.  XXVI.  of  this  work.  It  Is 
known   as   tbe   underload   circuit   breaker. 

English  Rule  for  Charging. — Tbe  English  manufacturers  al- 
low a  charging  current  of  0.026  ampere  per  sauare  inch  of  plate 
surface,  and  a  discharging  rate  of  0.029.  The  charging  current 
can   bo   somewhat   greater   than   the   above   without   injury. 

Overcharge.— When  the  battery  Is  eharged,  It  la  wasteful  to 
give  it  any  more  current.  An  overcharge  of  as  much  as  20  per 
cent  will  not  hurt  the  battery  necessarily,  but  excessive  over- 
charging often  repeated  will  injure  the  plates. 

Prevention  of  Sulphallng. — If  a  battery  Is  discharged  and  left 
standing,  a  whitish  deposit,  probably  a  basic  lead  sulphate,  forms 
upon  the  plates.  This  interferes  with  the  action  of  the  battery. 
Plates  so  affected  are  said  to  be  "sulphated,"  and  the  term, 
whether  well  chosen  or  not.  must  be  accepted  as  a  technical  ex- 
pression. To  avoid  sulphating,  10  per  cent  to  20  per  cent  of  the 
charge  should  be  left  In  the  battery. 

If  plates  are  badly  sulphated,  there  la  often  no  other  cure 
than  scraping,  which  has  to  be  carefully  done  to  avoid  injury  to 
the  plates. 

Sometimes  a  cell  becomes  short-circuited;  dampness  from  the 
spray  may  bring  It  about,  or  bits  of  the  plugs  or  active  ma- 
terial from  the  plates,  a  fragment  of  the  plate,  or  even  some 
extraneous  body  may  fall  In  and  short-circuit  a.  cell  and  discharge 
it  before  the  operative  suspects  It.  Such  a  cell  will  be  In  a  l^lr 
way   to  become  badly   sulphated. 

Too  strong  or  too  hot  an  electrolyte  will  cause  sulphating. 
The  utmost  permissible  limit  of  temperature  of  electrolyte  is 
12B°  F.  (52" —  C).  Thus  In  charging  a  battery  the  current 
must  not  be  so  strong  as  to  raise  the  temperature  of  the  elec-, 
trolyte  to  this  degree;  100°  F.  (38°— C.)  Is  a  safer  limit. 

If   the   sulphated   plates  are  not   badly   affected,  scraping  i 
not  be  required.     In  either  case  the  cell  has  (o  lie  slowly  chargj 
at  not  more  than  half  the  eight-hour  or  normal  rate.    '?\i«  tS\K(^ 
Jng  juusi  be  greatly  /irolonged. 
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If  it  is  a  RlDgle  cell  that  is  eiilphated  in  a  battery  of  a. 
of  cells,  if  treated  to  an  overcharge  as  described,  the  whole  bat- 
tery will  be  overcharged  with  it.  This  la  a  bad  practice,  although 
occasionally  it  may  be  adopted.  If  the  battery  has  clamped  or 
bolted  conneetiona,  the  cell  can  be  cut  out  during  the  discharge 
and  connected  during  the  next  charge  or  charges  only  of  the 
battery,  so  as  to  get  a  double  or  triple  quantity  of  charging.  An- 
other way,  when  ceils  are  not  permanently  connected,  is  to  give 
the  defective  cbH  a  charging  current  during  the  discharge  of  the 
battery.  To  do  this  it  must  be  disconnected,  and  its  connec- 
tions reversed.  The  regular  discharging  current  will  then  charge 
the  cell  so  connected.  This  is  not  practicable  with  batteries  with 
permanent  connections. 

Sulphatlne  uses  up  more  or  less  of  the  active  material  of  the 
plates.  It  is  therefore  a  source  of  distinct  injury,  especially  in 
surh  cases  where  mechanical  treatment  has  to  be  resorted  to  for 

The  presence  of  a  small  amount  of  sodium  sulphate  operates  to 
get  rid  of  the  suiphating.  A  little  of  this  salt  (Glauber's  salt) 
may  be  added  to  the  sulphated  cell,  or  a  little  sodium  carbonate 
may  be  added,  which  is  at  once  converted  into  sodium  sulphate. 
After  the  plates  are  restored,  the  electrolyte  must  be  removed, 
nnd  the  cell  and  plates  washed  down;  the  washings  are  removed, 
and  new  electrolyte  introduced. 

Short-circuiting  of  Single  Cells.— The  operative  must  watch 
his  battery.  If  he  notices  a  change  in  color,  finds  a  variation  In 
voltage  or  in  specific  gravity  in  any  cell,  it  is  nndouhtediy  short- 
circuited.  If  the  short  circuit  is  due  to  any  external  cause,  the 
(rouble  can  be  easily  located  as  a  rule.  If  a  foreign  body,  such 
as  a  plug  from  one  of  the  plates,  has  lodged  between  the  plates. 
It  must  be  removed.  A  rod  of  wood  or  of  other  non-conducting 
material,  or  a  couple  of  such  rods  used  Hl^e  a  tongs,  may  be  em- 
ployed to  pick  it  out.  A  strip  of  hard  rubber  with  a  hook  at  one 
end  Is  excellent  for  this  purpose.  Sometimes  a  bit  of  the  plate 
will  project,  and  cause  a  short  circuit.  It  must  be  crowded  back 
or  down.  The  plates  sliould  always  be  supported  well  above  the 
,  botioin  of  the  ceUs;  sometimes  they  are  at  a  height  of  six  inches 
aoowe  It.     NevertbeSesa,  sediment  may  coWect  \o  a.  sa'atii-CTft.  &e\J& 
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to  touch  the  plates  and  short-circuit  them.  In  the  latter  case  tha 
cell  may  be  cleaned  out,  or  the  sediment  if  fine  enough  may  be 
syringed  or  syphoned  off  without  disturbing  the  upper  layers. 
Then  new  electrolyte  must  be  added  to  replace  what  has  been 
removed.  As  has  been  before  stated,  a  metal  hook  or  wire  should 
never  be  used  In  removing  foreign  bodies  from  cells.  Cells 
should  be  most  carefully  watched  for  short  circuits  to  prevent 
Kulphallng.  which  will  occur  if  the  short  circuit  continues. 

Sediment  is  sometimes  removed  by  taking  the  plates  out  of 
the  ceil,  syphoning  off  the  electrolyte,  and  repeatedly  flushing  the 
cell  with  water  and  syphoning  it  ofl  until  the  bottom  is  clean. 
But  in  large  batteries  the  plates  cannot  be  removed  without 
danger  of  injuring  the  connections  or  bending  them. 

Buckling. — A  plate  buckles  or  bends  when  the  charging  and 
discharging  rate  are  excessive  or  when  their  action  varies  on  its 
two  faces.  Sulphating  may  cause  it  if  the  white  deposit  forms 
only  on  one  face,  becjiuse,  as  already  stated,  sulphating  inter- 
feres with  the  action  of  the  plate,  A  buckled  piate  can  be  straight- 
ened sometimes.  It  should  be  placed  between  two  boards,  and 
heavy  pressure  applied,  A  few  carpenter's  wood  screw  clamps,  a 
viae,  iron  screw  clamps,  or  an  iraproviaed  lever  press  may  be 
uaed  to  give  the  presBure.  Hammering  is  sometimes  recommend- 
ed, but  jarring  is  one  of  the  worst  things  for  plates,  aa  it  tends 
to  detach  the  active  material.  Badly  buckled  plates  may  have 
to  be  discarded,  if  they  crack  badly  on  straightening.  Buckling 
la  apt  to  happen  to  automobile  batteries  when  the  temptation  to 
take  too  much  curn^nt  out  of  them  is  yielded  to. 

Dlalntesratlon.— Plates  lose  their  active  material,  often  on  ac- 
count of  sulphating;  hits  of  lead  may  become  detached;  plugs 
may  fall  out;  buckling  with  subsequent  mechanical  straightening 
loosens  their  structure.  Anything  that  causes  buckling  la  liable 
to  cause  mechanical  deterioration.  The  expensive  positive 
plates  are  more  aubiect  to  such  troubles  than  are  the  negative 

Setting  up  a  Battery.— Care  in  handling  the  plates  and  the 
securing  ot  cleanliness  are  the  great  points  to  he  observed  in 
setting  up  cells.  The  plates  will  ordluarUy  come  ^oft\\.\NB^  mA 
aegativBB  secured  together  fn  some  shape,  at  Veaat  liefttai  \.o%«(&i.w. 
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so  that  on  lifting  with  both  connecting  bars  the  positives  and 
negatives  will  be  handled  like  a  single  mass.  Between  the  plates 
are  placed  insulators,  strips  of  hard  India  rubber,  wood,  glass,  or 
equivalent  insulating  material,  and  sometimes  binders  go  around 
the  bunch  in  addition.  These  elements  must  be  examined,  to  see 
that  no  foreign  substance  is  lodged  between  them. 

The  cells  must  be  perfectly  clean.  They  are  put  in  position  at 
exactly  the  distance  requisite  to  bring  the  connecting  lugs  to- 
gether.  The  supporting  glass  plates,  if  such  are  used,  and  the 
corner  insulators  must  all  be  in  their  permanent  positions. 

The  elements  are  lifted  into  the  cells,  their  supports,  if  such 
are  used,  being  put  in  place.  If  there  are  loose  insulators,  these 
are  put  in  also,  and  all  is  ready  for  connecting.  If  clamps  or 
bolts  are  used  for  connecting,  they  should  be  painted  or  paraf- 
fined and  wound  with  okonite  tape. 

The  positive  and  negative  plates  in  a  cell  must  not  touch  each 
other  anywhere.  *If  a  lead-lined  cell  is  used,  the  lead  lining  must 
not  be  in  contact  with  any  part  of  the  elements.  A  single  con- 
tact will  be  a  step  in  the  direction  of  a  bad  short  circuit. 

The  positive  and  negative  plates  are  sometimes  marked  to  dis- 
tinguish them,  but  their  color  will  be  a  sufllcient  guide.  The  posi- 
tives are  brown,  the  negatives  gray.  They  must  be  put  into  the 
cells  so  as  to  bring  the  positive  connections  in  one  cell  next  to  the 
negative  in  the  next  one. 

The  electrolyte,  perfectly  cold,  must  be  added  in  sufficient 
quantity  to  stand  half  an  inch  above  the  top  of  the  plates.  It 
should  not  be  put  into  the  ceils  until  all  is  ready  for  charging. 
If  the  plates  stand  uncharged  in  the  acid,  they  will  become  sul- 
phated.  Therefore,  as  soon  as  the  last  cell  is  filled,  charging 
should  begin.  The  solution  should  be  poured  in  with  the  greatest 
care  to  avoid  splashing.  Any  that  is  spilled  upon  the  outside  of 
the  cells  or  on  the  connections  should  be  wiped  off  at  once.  The 
first  charge  should  be  at  half  normal  rate  for  some  hours,  when 
it  may  be  increased  to  normal  rate.  The  first  charging  should 
be  carried  up  to  2.6  volts,  and  the  solution  should  be  kept  bub- 

ing  for  some  time.     For  subsequent  charging  a  voltage  of  2.5 

tlie  proper  limit. 

"ie  manufacturers   of  storage  baUeries  ate  ^V««l^^  ^x«^^x<i^ 
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to  supply  printed  or  special  instructions  for  the  operation  o! 
their  hatteriea.  Before  setting  ui)  and  putting  a  battery  into 
action   InatructionH  should  he  ohtained  from  the   makers   ot  the 

Preparing  the  Electrolyte.— This  is  a  mixture  of  pure  water 
(distilled  wafer  is  recommended)  and  pure  sulphuric  acid.  Ahout 
five  volumes  of  water  to  one  volume  of  ehemically-pure  sulphuric 
acid   are   used. 

It  chemicalty-pure  acid  la  not  -used,  each  cart)oy  should  be 
tested  Cor  hydrochloric  acid,  iron,  and  nitric  acid.  Other  im- 
purities will  be  due  to  Ihe  new  plates  or  to  foreign  aubatancea 
finding  their  way  Into  the  solution.  The  acid  is  poured  into  the 
water;  this  is  important,  as,  if  the  water  Is  poured  Into  the 
acid,  a  sort  of  expioaive  ebullition  may  ocfur.  throwing  the  acid 
about.  The  mixture  will  be  quite  hot.  After  cooling  it  ahould 
read  1180  to  1250  on  the  hydrometer.  It  muat  be  completely  cool- 
ed before  pouring  it  Into  the  cells. 

A  lead-lined  vessel  is  probably  the  best  in  which  to  mis  the 
solution,  all  things  considered.  Carboys  will  be  liable  to  crack 
from  the  heat;  enameled-iron  vessels  are  perfectly  satisfactory 
wtaen  new,  but  If  the  enamel  is  cracked  iron  will  get  into  the 
solution,  A  glass  or  china  water  pitcher  will  answer  for  pour- 
ing the  solution   into  the  cells. 

Impurities  la  the  Electrolyte  and  Testa. — It  is  so  important 
to  keep  the  electrolyte  pure  that  the  best  practice  is  to  use  dis- 
tilled water  to  mix  with  the  acid.  The  acid  may  contain  im- 
purities. Hydrochloric  acid  and  nitric  acid  are  both  injurious. 
Copper,  iron  or  mercury  salts  are  all  injurious;  some  may  come 
from  drippings  from  iron  or  copper  objects  in  the  battery  room. 

It  la  suggested  sometimes  to  teal  the  battery  once  a  week  tor 
foreign  substances,  A  few  chemicals  kept  in  solution  In  glass- 
stoppered  bottles  and  some  test  tubes  are  all  that  la  requisite  for 
testing.  Iron  is  detected  by  a  solution  of  potassium  ferricyanide; 
chlorine  by  a  solution  of  silver  nitrate;  copper  by  a  solution  of 
ammonia.  A  little  of  (he  electrolyte  is  placed  in  the  test  tube. 
8nd  a  few  drops  of  the  reagent  are  added  for  the  iron  or  chlorine 
tests.  For  copper,  smmonfa  must  be  added  and  aliakeiv  ■«Vfti  We 
solution  In  siilBcient  Quantity  to  give  a  alight  ofioT  ot  aTO.-Hnni\'*-, 
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or  until  red  litmus  paper  dipped  in  the  solution  Is  turned  blue. 
Iron  givea  a  blue  precipitate;  chlorine  a  white  one;  copper  a  blue 
color.  For  testing  for  the  presence  ot  nitric  acid,  dissolve  (A 
gramme  diphenylaraine  in  100  cubic  centimeters  ot  sulphuric  acid, 
and  add  it  to  20  cubic  centimeters  of  water.  A  little  of  the  sus- 
pected electrolyte  is  placed  In  a  test  tube,  and  a  few  drops  of  the 
reagent  added.  A  blue  color  indicates  nitric  acid.  For  mercury, 
immerse  a  polished  bit  of  copper  in  a  sample  of  the  electrolyte. 
A  gray  coloration  on  standin'g  will  indicate  mercury. 

If  nitric  acid  Is  detected,  It  must  be  got  rid  of,  IE  present  in 
considerable  quantity.  Sometimes  the  cells  have  to  be  flushed  out 
with  clean  water  and  new  electrolyte  introduced. 

Nitric  acid  is  more  apt  to  be  found  in  new  batteries,  where  It 
has  been  used  to  corrode  the  plates  before  forming.  Tbe  manu- 
facturers should  see  to  it  that  no  nitrates  are  present  in  plates 
thai  leave  the  factory.'  Chlorides  are  sometimes  to  be  found  In 
new  chloride  plates.  Once  a  battery  ia  running  satisfactorily  and 
has  been  found  free  from  impurities,  frequent  testing  should  not 
be  required. 

Indications  from  Oassing,  —The  evolution  of  gas,  or  "gassing," 
la  an  Indication  of  completion  of  charge.  The  gassing  of  the 
cells  should  be  watched.  If  at  the  end  of  a  charge  any  cell  or 
cells  do  not  gas  freely,  it  indicates  that  they  are  aulphated. 
When  a  voltmeter  or  hydrometer  is  not  at  hand,  or  when  no  ac- 
count has  been  kept  of  the  ampere  hours  of  a  charge,  the  cells 
may  be  made  to  gaa  freely  for  twenty  minutes,  to  make  certain 
that  the  charge  Is  complete. 

Cadmium  Plate.— For  testing  the  voltage   of  Individual   cells, 
a  plate  of  cadmium  attached   to  a  wire  ia  employed.     The  wire 
must  be   most  thoroughly   insulated,  to  prevent  local  action  be- 
tween It  and  the  cadmium.    A  preferable  construction  would  be 
to  use  a  plate  of  cadmium  with  a  lug  or  extension,  the  whole  in      ^ 
k'One  piece,  and  thus  avoid  the  necessity  of  having  an  insulated 
The  plate  may  he  a  couple  of  Inches  square.     Cadmium  In 
ft  electro-chemical  relations  lies  between  the  positive  and  nega- 
~Vj»)Ates  of  the  lead  plate  storage  battery,  so  that  it  Is  positive 
e  and  neeailve  to  the  other.     11  la  wsed  tiy  Inserting  It  in 
\KCrolyte:  a    voltmeter  is  placed  \ii  c\TC"aV\:  -wViii-  "Cae.  <»&- 
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1  plate  and  the  positive  and  neEatl\e  plates  alternately  The 
highest  reading  will  be  between  the  cadmium  and  positive  plate 
I£  the  bum  of  tiie  readings  la  2  5  volts  It  indicates  that  the  bat 
terj  la  charged  A  verj  low  reading  In  the  neighborhood  at 
zero  indicates  a  short  nrruit  which  must  at  ome  be  attended  to 
The  cadmium  plate  should  be  wet  before  use  and  no  bubbles 
should  be  allowed  to  accumulate  on  it  when  In  use  as  the>  may 
Titiate  the  readings 
Connections  for  CEiargtog  from  Lighting  Circuits.  —The  dia- 


L 

H^^ 

— ^PHI, 

Via.  63.— OOABOina  a  Btobaqz 

BATTBRT  rHOM  A  llO-VOLT 
lilOBTlNO  ClBCUlT. 


Fig.  66,— Oharoixo  A  Storaqi 

BArrBHY  FROM  A  500- VOLT 
LlUBTmO  CinCDIT. 


gram.  Fig.  65,  Shows  the  connection  for  charging  froin  a  110-volt 
Incandescent  lamp  circuit.  At  K  S  is  a  knife  switch  with  safety 
fuses.  Lamps  enough,  shown  at  L,  are  placed  in  parallel  to  give 
EUfflclent  current,  and  the  group  is  connected  in  series  with  the 
battery  as  shown.  The  combination  is  connected  across  the  cir- 
cuit. Suppose  the  source  is  a  110-volt  circuit,  and  that  the 
name  plate  on  the  battery  case  or  the  manufacturer's  Instruc- 
tions give  5  amperes  as  the  charging  rate,  k  l\ft-\ii\\.  \'o  t.  ij, 
Jamp  lakes  H  ampere  Of  ntrrent;  a  110-volt  1,1  c.  v,  \a.-sn^  \,B.V-sa 


158 


ELECTRICIANS'  HANDY  BOOK. 


1  ampere  of  current.  Ten  16  c.  p.  lamps  or  five  32  c.  p.  lamps  in 
parallel  at  L  would  give  5  amperes  of  current. 

The  diagram.  Fig.  66,  shows  the  connection  for  a  500-volt  cir- 
cuit. Here,  owing  to  the  higher  voltage,  five  lamps  are  needed 
in  series,  and  five  sets  in  parallel  at  L  to  give  5  amperes.  K  S  is 
the  knife  switch. 

In  the  diagram,  Fig.  67,  is  shown  the  application  of  a  rheostat. 
It  must  have  current  capacity  to  carry  the  charging  current,  and 
resistance  enough  to  reduce  to  the  requisite  voltage.     Suppose  a 


f  POeiTtVE  WIRE 


-NEGATIVE  WIRE 


— ©-©^ 


110-000  VOLT  CIRCUIT 


K.S. 


BATT. 

Fig.  67  -Chaboino  a  Storage 
Battery  with  a  Bheostat. 


Fig.  68.— Charging  a  Storage 

Battery    from    an   Arc 

Light  Circuit. 


battery  is  to  be  charged  at  6  volts  from  a  110-volt  circuit  at  a 

rate  of  5  amperes.    By  Ohm's  law  we  have: 

110  —  6  volts 

_ =  20.8  ohms. 

5  amperes 

The  rheostat  must  be  set  at  20.8  ohms  resistance. 

Charging  from  the  incandescent  light  system  is  said  to  be  a 

cheap  way  of  charging.     If  there  are  cells  enough  to  absorb  100 

volts  in  the  charging,  it  is  an  efficient  way  of  charging;  if  there 

"e  but  a  few  cells,  absorbing  10  to  20  or  30  volts  only,  it  is  ex- 

'^ingly  JneScient,  and  the  sight  oi  a  \o\,  ol  \a.Tcv.^«»  ?»lowlng  to 

*  the  charging  of  a  small  battery  -wVW  aVwa^^  \i^  T«^w.^aa5i^ 


r 
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a  engineer.  Yet  as  the  lighting  companies  seli  current  rather 
than  watts  it  may  be  economical  if  notefflcient  to  charge  bat 
teries  as  described 

The  diagram  Fig  bS  shows  the  Lonnectionti  lor  diarglng  from 
an  are  light  system  Here  absolute  danger  to  life  is  present 
The  arc  light  circuit  should  only  be  used  by  perfectly  competent 
persona  and  the  greatpst  care  should  be  eiterciapd  All  perma 
nent  connections  should  he  made  ^vhen  the  circuit  is  dead  LL 
indicate  arc  lights  R  a  teshtance  and  CS  a  consumers  switch 
The  peculiarity  of  this  switch  is  that  the  contact  arm  A  Is  so 
wide  that  in  swinging  It  is  alwajs  In  contact  with  one  or  with 
two  of  the  contact  studs  D  C  and  B  In  the  position  shown  it 
is  m  contact  with  D  and  C  Almost  all  the  current  goes  by  way 
of  D  a  little  following  the  law  of  parallel  circuit'^  goes  through 
the  resistance  R  Let  the  switch  be  swung  to  the  right  It  first 
leaves  D  keeping  in  contact  with  C  and  the  lighting  current 
all  goes  through  'he  resistance  R  It  next  without  leaving  C 
makes  connection  «ith  B  Again  the  law  of  parallel  circuits, 
comes  Into  plai  and  the  current  divides  itself  between  the  re 
sistance  R  an  1  the  battery  the  knife  switches  K  S  are  supposed 
to  be  closed      If  they  are  open   the  whole  current  will  go  through 


Suppose  the  line  current  is  7  amperes  and  that  the  battery  re 
quires  E  amperes  and  absorbs  e  volts  in  charging  Then  by 
Ohm  B  law  the  resistance  R  Is  given  by  the  formula 

6  volts 

=   3   ohms. 

7  —  b  amperes 

If  the  line  current  is  less  than  the  charging  current,  as  the  lat- 
ter Is  specified  by  the  manufacturer  of  the  battery,  the  arm 
may  be  swung  so  far  as  to  rest  on  B  only.  Stops  must  be  pro- 
vided, so  that  it  is  impossible  to  swing  It  so  far  to  right  or  left 
as   lo   break   contact   with   B   or   D   respectively. 

The  Polarity  of  the  Circuit  must  be  determined  with  abso- 
lute certainly  before  using.  Otherwise  the  batt'ery  plates  may 
be  ruined.  In  testing  the  arc  light  circuit  for  polarity,  the  con- 
tact &rm  A  must  rest  an  both  B  and  C. 

rae  ugaal  test  Is  to  dip  wJrea  connected  to  bofW  \ea.4?.  at  Wi^ 
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circuit  into  a  glass  containing  solution  of  salt  in  water, 
wires  must  be  held  about  an  inch  apart.    Bubbles  of  gas  wil 
given  off  in  greater  quantity  from  the  negative  pole.    This 

f!  is  connected  to  the  gray  or  negative  plate  of  the  battery. 

J  attempting  this  test  with  an  arc  light  circuit,  be  exceedi 


I; 


careful  to  use  heavily-insulated  wires.  It  is  best  to  handle  t 
by  having  them  tied  to  the  ends  of  two  dry  wooden  rods  a  co 
of  feet  long. 

The  experience  of  the  last  two  decades  of  electric  developi 
has  cured  of  bravado  all  electricians  worthy  of  the  name, 
greater  a  man's  experience,  the  more  careful  will  his  mani] 
tion  be.  ' 

Taking  Out   off  Service. — When  a  battery  is  to  lie  idle 
some  time,  it  must  first  be  charged  at  the  normal  rate, 
electrolyte  is  then  syphoned  off  and  replaced  by  water. 
electrolyte  may  be  saved.    Clean  carboys  are  the  best  recepti 
for  preserving  it.     The  cells  are  then  filled  with  water  in 
diately,  and  the  battery  is  allowed  to  discharge  until  its  potei 
falls  below  one  volt.    The  discharge  should  be  as  nearly  as 
sible  at  the  normal  rate.  The  replacement  of  the  electrolyte 
water  will  tend  to  increase  the  internal  resistance,  and  to  dii 
ish  the  rate  of  discharge.     After  the  battery  is  discharged, 
water  is  removed,  and  the  plates  and  cells  are  allowed  to 

i  In  the  case  of  small  clamp  or  bolt  connected  batteries,  the  pi 

may  be  removed  and  the  cells  washed  out  and  dried.  The  pi 
may  be  stored  in  the  cells  or  elsewhere  as  desired.  Drynes 
the  great  point,  and  is  very  hard  to  insure  unless  the  plates 
be  removed  from  the  cell,  so  as  to  admit  of  drying  it  out  be 
replacing  the  plates.    The  plates  can  be  stored  in  any  dry  p] 

!:  but  should  be  handled  with  the  greatest  care. 

1:  Another  method  of  putting  a  battery  out  of  service  is  the 

lowing:     The  battery  is  first  completely  discharged  at  a  low  i 

"  The  elements  are  at  once  removed  from  the  cells  and  put 

water.    The  cells  are  emptied,  the  solution  being  saved.    The  < 

I,  are  washed  out  and  filled  with  clean  water,  and  the  elements 

Jjl  replaced.     The  water  must  stand  over  the  top  of  the  plates 

The  above  method  can  be  carried  out  with  a  permanently 
nected  battery  by  the  use  of  a  sypYion..   T\i^  solution  is  syphc 
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oH  and  stored  in  (arbovs  Water  is  poured  into  the  cells  and 
ayptioned  out  two  or  three  times  and  the  cells  are  eventually 
Ipft   filled   with  water 

CelU  —The  cells  of  storage  batteries  are  for  email  and  moder- 
ate sizes  generally  made  of  glass  For  bpeeial  purpobe'5  such  as 
automobile  service  hard  rubber  cells  maj  be  used  For  iargo 
sizes  and  lor  central  station  and  similar  work  they  are  often 
made  of  wood  lined  with  lead  In  the  latter  great  care  must  be 
employed  in  selling  up  to  prevent  the  plates  touching  the  lead 
lining  as  this  would  gf\e  a  short  rircult  if  both  nepatlVB  and 
positi\e  touched  it     Acid  proof  paint  is  used  to  paint  the  wooden 

Insulation  of  Cells  — This  must  be  carefully  looked  after 
The  surface  on  which  they  rest  may  be  covered  with  heavy 
sheet  glass  or  porcelain  or  glass  Insulatora  already  described 
may  be  used  to  carrj  tliem  one  under  each  comer  If  the  cells 
are  of  giaBS  a  board  p<iinted  with  acid  pioof  paint  should  be  pro 
vided  for  each  one  and  this  should  rest  upon  the  four  corner 
insulators  The  insulators  ma\  be  kept  in  place  bj  being  pinned 
to  the  fioo!   with  wooden  pins  set  in  melted  sulphur 

Making  Battery  Connections.— By  far  the  best  material  for 
permanent  connpi.tion  is  lead  applied  by  what  is  technically 
termed  burning  Soft  solder  which  is  an  alloy  of  lead  and 
tin    is   recommended  sometimeij    but  Is  only  a  maheshitl 

For  temporarj  connection^  bolts  or  clampK  mav  be  used 
These  are  objectionable  as  thej  maj  Introduce  copper  or  other 
impurities  into  the  i-ells  E\erything  in  a  battery  room  is  ex 
posed  to  the  spray  of  dilute  sulphuric  acid  Lead  is  unattacked 
by  it    and  is  the  ideal  connecting  and  protecting  substance 

If  two  sttips    from  two  sets  of  plates    for  iubtance   are  to  be       I 
connected     their   ends  are   cut   off  at   an   angle   of   45°    with  the 
vertical      The  acute  corners  arp  at  the  bottom  of  the  strips      The       > 
oliiique  faces   are  scraped  off  with  a  plumber  s  scraper    the  two       I 
sharp  corners  are  hrought  togethT    and  a  clamp  or  trough  of       ', 
sheet  iron  Js  sprung  on  from  the  bottom      The  cut    Fie   69    may 
lie  referred    to    here.     The   strips   must   lie   horiKontaUY   wiA  \'& 
line.    Thus  a  V-shaped  cavity  with  its  aides  c\Qaea  ^i^  VVe  "wwi. 
c&aip  la  produced.  A 
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A  blowpipe  flame,  best  of  hydrogen  gas,  although  illuminating 
gas  may  be  used,  is  the  heating  agent.  A  bar  of  lead  is  held 
over  the  V-shaped  chamber  and  is  melted  by  the  blowpipe  flame 
until  enough  drops  off  to  fill  the  cavity.  The  flame  is  applied 
alternately  to  the  bar  and  to  the  surfaces  of  the  cavity.  If  hy- 
drogen gas  is  used,  no  flux  is  needed;  if  illuminating  gas,  a 
little  tallow  will  be  required  as  a  flux. 

The  surface  of  the  cavity  should  be  kept  just  at  the  melting 
point,  so  that  as  the  melted  lead  drops  in,  it  and  the  lead  strips 
will  melt  together.  When  the  chamber  is  filled  drop  by  drop, 
with  heating  of  the  surfaces  during  the  process,  the  result 
should  be  a  homogeneous  bar  of  lead.    The  least  excess  of  heat 


FiqH  eo.— Stobagb  Battcrt  PiiATv  Lugs  ahd 

SOIiDBRIHO  CliAMP  OB  TSOUOH. 

may  melt  the  strips  outside  the  limits  of  the  clamp,  and  too 

little  heat  will  make  the  process  a  failure. 
The  flame  should  be  a  small  blue  one.    Th^  apparatus  can  be 

bought  at  dealers  in  machinists'  supplies. 

When  a  number  of  lugs  from  plates  are  to  be  "burned"  to  a 

lead  bus-bar,  such  as  shown  in  the  cut.  Fig.  70,  a  sort  of  si»'ing 

clamp  or  tongs  is  used  whose  outer  ends  are  beveled  to  fit  the 

slope  of  the  bus-bar.    Referring  to  Fig.  70,  E  is  the  joint  in  the 

spring  clamp  and  F  is  the  spring  forcing  its  other  end  together. 

D  is  the  top  of  the  bus-bar  whose  section  is  shown  above  at  B. 

A  A  are  the  lugs  from  two  plates  in  adjoining  cells.    C  is  a  plate 
beneath  the  bus-bar  holding  all  in  W^ie. 

I^he  lugs  to  be  connected  are  be^veled  oH  «Ji^  ^^  ^^tVsv^  0»sss^ 
^  put  on,  and  the  beveled  ends  are  p\«LC^^  «,^\ti«\.  \X^^  X^n^Pow 
^e  acute  or  lower  angle  ot  tHe  strip  ox  \xv^  ^^^^  ^^^^"^  ^ 
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bottom  of  the  bus-bar.  This  gives  a.  V-shaped  cavity  juat  as  be- 
(ore.    The  surfaces  are  scraped  before  the  spring  clamp  is  put  on. 

Lead  Ss  melted  in  ag  before.  This  is  a  more  critical  operation 
than  the  other      A  slight  excess  of  heat  will  ruin  the  busbar 

If  there  are  seams  or  drops  of  Ipad  solidified  on  tbe  pieces 
Joined  they  can  be  trimmed  up  A  good  joint  is  almost  India 
cemlble 

Neatness  ihould  not  be  nacrlflced  to  strength  The  joints  mav 
with  advantage  be  left  a  little  larger  than  tie  lugs  or  htrlps 


FlO.  TO.— SOLDBTIl 


Ens- Dab 


The  principle  of  soldering  is  the  uniting  of  two  metala  by  an 
alloy  more  fusible  than  either.  In  "lead  burning,"  which  has 
Just  been  described,  the  fualbidty  of  the  lugs,  bus-bars,  and  lead 
used  to  unite  them  is  the  same.  In  this  feature  the  dlfDculty  of 
doing  it  inberea,  and  the  same  feature  occasions  constant  risk  of 
injury  unless  the  operative  Is  experienced  and  competent. 

Practical  Notes. —On  unpacking  a  storage  battery,  the  cells 
must  be  cleaned  and  examined  to  see  if  they  are  tight.  Wooden 
cells  must  be   tried   by  filling  with   water. 

Shelving  must  stand  clear  of  the  walls,  and  must  be  Insulated 
from  the  floor  by  ^iass  plates  or  porcelain  b\Qcka. 
Every  fourteen   days  the  battery  should  be  cbaTgeft  u-O  ^  ** 
/tijj  charge,  and  then  with  half  the  normal  cuTTent  tw  a.  V'fifl 
h^r^^  battery  sboul<i  never  be  left  uuc^iMgea  lo^  Qn« 
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da5s      BattPFieB  umtse  1  Cor  longer  periods  and  whict  have  stood 
idle  are  brought  gradiidllv  Into  serilce  hy  strong  charging 

In  slow  discharge  with  small  current  intensity  not  only  the 
voltage  hut  the  apeciSc  gra^itj  of  the  solution  must  be  watched 
The  lattei  is  reduced  m  such  case^  relatively  more  quickly  than 
in  rapid  discharge  Wben  it  sinks  below  1 15  the  battery  nmst 
be  recharged  although  Ihe  voltage  may  not  be  down  to  Its  allow 
able  limit 

The  acid  in.  all  the  lpIIs  should  haie  the  same  specific  gravity 
or  else  tte\  will  not  all  gas  together  Equalizing  the  speciftc 
gravity  !y  adding  water  to  the  cells  which  need  it  must  be  done 
when  the  battery  is  fully  charged 

At  least  once  a  week  cells  should  be  examined  for  short  cir 
cults  Glass  cells  can  be  examined  by  holdini;  a  lamp  behind  | 
them  so  as  to  see  If  anything  such  as  a  pastu  plug  has  fallen 
between  the  plates  Incandescent  lamps  used  for  this  purpose 
should  haie  cages  Special  lamps  are  provided  for  iasertlnE  into 
the  fluid  in  larger  cells  oC  opaque  material 

Foreign  bodies  buckling  of  the  plates  and  bits  of  the  plates 
or  pasting  can  be  the  causes  of  bhort  (Iriultlng  m  the  cell  For 
eign  bodies  must  be  removed  by  a  rod  of  wood  glass  or  hard 
rubber  The  latter  is  the  best  In  pulling  out  the  piece  care 
must  be  taken  not  to  displace  paste  or  otherwise  injure  the 
plates  On  the  neil  charging  the  plates  which  were  short  cir 
ulted  can  be  ■aatthed  to  see  if  they  gas  properly  The  ab- 
sence of  gas  bubbles  at  the  end  of  a  charge  indicates  a  short 
circuit     Never  ise  a  hare  wire  to  remo\e  anything  from  the  cells 

End   Cells  —This  is  a  technical  term  for  cells  at  the  end  of  a 

storage  battery   which  are  thrown  in  or  out  of  circuit  to  regulate 

the  voltage      A  storage  battery  loses  during  the  discharge  over 

half  a  lolt  potential      It  there  are    flftj  two   cells   in   circuit, 

each  one  guing  2  2  \ohs    the  total  voltage  will  be  52   X   22  = 

114.4  voltb.     As  the  battery  delivers  current,  the  voltage  will 

gradually  fall.     At  2  volts  it  would  give  only  104  volts.     If  114 

L     volts  is  the  station  voltage,  the  first  voltage  named  would  answer, 

[    «s  tie  excess  of  0.4  volt  would  not  be  too  much.    To  maintain  It, 

eeJJs  would  ftare  to  be  added  in  aerieK.  Thwa  a.t  the  2-volt  poten- 

/al  ]14  -=-  3  =  57  cells  would  be  Tenvi\Te4  \i\  wartsa,    '«\i«^'Cb» 
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battery  was  ready  tor  recharging,  It  would  give  only  1.8  volt  per 
cell,  and  to  maintain  the  station  voilage  114  -^  1.8  =  €3  cells 
would  be  required.  This  number  would  give  a  fraction  less  than 
114  volta. 

In  the  case  assHmed,  the  freahly-charged  battery  would  start 
off  with  52  cells  in  Heries.  Aa  the  voltmeter  fell,  due  to  the  bat- 
tery losing  electromotive  force,  a  cell  would  be  throvni  Into  cir- 
cuit. The  addition  of  a  single  cell  would  add  about  2  volta  to 
the  potential.  Therefore  the  potential  should  be  allowed  to  fall 
aboul   a   volt   before  putting  another  cell   into  series. 

A  hua-bar  wtth  traveling  connecting  springs  is  provided  for 
throwing  cells  Into  and  out  of  aeries.  This  ia  quite  an  elaborate 
piece  of  apparatus  in  large  inatallations,  in  which  the  traveling 
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eontacta  are  Bomeiimea  operated  by  electric  motors.  For  small 
installations  swltcbea  may  be  provided  for  turning  cells  on  and 
off. 

End-cell  regulation  is  very  Imperfect,  as  It  involves  a  sudden 
change  of  two  volts  or  thereabout  every  time  a  cell  is  thrown 
into  circuit. 

Counter  Electromotive  Force  CelU.— The  elasticity  of  action 
of  the  floating  storage  battery,  when  used  In  combination  with  a 
dynamo  plant,  is  increased  by  the  use  of  unformed  lead  plate-sul- 
phuric acid  cells,  which  are  thus  entitled.  In  the  diagram.  Pig. 
71.  D  represents  a  dynamo,  B  a  storage  battery,  and  A  counter 
electromotive  force  cells.  When  the  dynamo  is  running  so  as  to 
charge  the  batteries,  it  delivers  current  to  the  working  circuit 
and  forms  or  charges  the  counter  E.  M.  F.  ceUa,  auA  X^etelotft 
Aaa  to  be  run  at  a  higher  voltage  than  is  received  \i?  VW  a\tcM.\V, 
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on  account  of  these  cells  operating  against  it,  by  absorbing  volt- 
age. This  extra  potential  forces  current  through  the  battery  B, 
so  that  it  is  charged  at  the  same  time  that  the  district  or  working 
circuit  is  being  supplied.  When  the  dynamo  is  stopped,  the  main 
battery  B  supplies  the  lamps  or  other  appliances.  The  counter 
E.  M.  F.  cells  are  cut  out  one  by  one  as  the  voltage  due  to  the 
main  battery  falls,  and  thus  serve  the  purpose  of  end  cells. 
Seven  counter  B.  M.  F.  cells  suffice  for  charging  the  battery  when 
few  lamps  are  in  use;  as  many  as  eighteen  may  be  needed  when 
a  quantity  of  lamps  are  being  lighted. 

Floating  Battery. — A  storage  battery  connected  across  the 
leads  of  a  parallel  system,  so  as  sometimes  to  be  charged  by  the 
generating  plant  and  sometimes  to  give  current  to  the  system,  is 
called  a  floating  battery.  If  it  were  not  for  the  variation  in 
voltage  of  the  storage  cell  combination,  it  might  operate  auto- 
matically, but  a  storage  battery  needs  constant  watching,  and 
the  coupling  and  uncoupling  of  end  cells  and  other  minor  man- 
ipulations required  are  very  simple. 

Charging  Plant  Operation. — Start  the  dynamo  with  all  due 
precautions  as  to  oiling  and  the  other  details. 

The  automatic  cut-out  is  thrown  into  circuit.  The  operative 
by  a  current  indicator  must  satisfy  himself  that  the  current  is 
going  in  the  right  direction.  The  ammeter  must  be  observed,  to 
see  if  the  proper  intensity  of  current  is  being  given.  The  volt- 
age and  amperage  are  regulated  by  the  speed,  or  by  a  rheostat. 

During  the  charging  the  underload  circuit  breaker  must  be 
watched,  to  see  if  it  is  in  sensitive  working  order.  It  can  be 
tested  by  opening  and  closing  the  main  circuit.  As  the  charging 
progresses,  the  electromotive  force  of  the  battery,  which  is,  of 
course,  counter  to  that  of  the  dynamo,  increases,  and  the  circuit 
breaker  will  eventually  fly  open  if  the  electromotive  force  of  the 
machine  is  not  brought  up.  If  this  cannot  be  done,  one  or  two 
cells  can  be  cut  out  of  the  series. 

When  the  charging  is  complete,  the  main  switch  is  opened;  the 

motor   engine   or   electric   motor    is   attended   to   lest  it   should 

start  racing;  resistance  is  thrown  into  the  field  circuit,  which  is 

eventually  opened;  the  brushes  are  Wiled  oil  Wie  commutator,  and 

aJJ  Is  brought  to  rest. 


) 


CHAPTER    Vlil. 

THE  FIELD  OF  FORCE, 

I^M  of  Force. —A  current  of  eleetrieity  prodiK 
diilon  which  ia  attributed  to  a  strain  or  whirl  in  the  ether.  The 
locality  or  locus  of  the  condition,  as  far  aa  ila  <!etept)oii  by  ordi- 
nary means  ia  concerned,  ia  in  the  vicinity  of  the  current,  and 
nnlees  distorted  in  some  way,  the  locus  is  symmetrical  with  re- 
qtect  to  the  current  To  the  mind  the  locus  Is  best  pictured  as  a 
cylinder  through  whose  center  the  current  goes.  The  locality  la 
tinned  a  field  of  force,  and  its  pSace  1b  called  the  locus.  It  affects 
Iron,  and  is  traced  and  may  be  located  by  its  effects  upon  the 
compass  needle  or  upon  iron  fllings.  It  is  no  imaginary  con- 
wptloD.  for  it  ia  hy  virtue  of  the  field  of  force  that  every  dynamo 
electric  generator  and  every  electric  motor  works.  A  needle 
beld  near  a  magnet  is  attracted  because  of  the  field  of  force.  The 
needle  of  the  mariner's  compass  ia  acted  on  by  the  earth's  Held 
ol  (orCB.  A  coll  of  wire  rotated  away  from  any'  artificial  field 
of  force  generates  electromotive  force  aa  its  convolutiona  sweep 
through  the  earth's  field  of  force.  The  armature  of  every  gen- 
eratar  produces  currents  and  potential,  which  do  an  enormous 
qiumtily  of  work  (or  humanity,  entirely  through  the  agency  of  the 
fid  of  force. 

Id  lis  effects  It  is  a  very  tangible  and  real  thing;   in  its  theory 
It  has  to  be  somewhat  imaginary. 

Btber  and  Current. — A  current  of  electricity  is  assiinied  to 
■tsbllsh  a  species  of  strain  or  tension  upon  the  ether,  which 
Bnin  is  only  delectable  in  the  vicinity  of  the  conductor.  Theo- 
feltcally.  every  current  affecta  the  ether  through  all  apace,  A 
WBducior  ihrough  which  a  current  passes  is  said  to  be  sur- 
nJonded  by  a  field  of  limited  size,  because  the  intuQalV^  W  ^ 
"MtEih  very  rapidly  diininis&es  as  its  dlatance  ttom  ttw 
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than  on  the  edges  of  the  outer 
Uie  ether  Rtrain  aa  the  wire  i     m 
shifted  up  and  down  the  wir 
al   all    places.     The   tiliagH   in 
cale  the  eslslenee  of  a  state 
ether    strain,    which    In    general 
terma    may    be    described    as    a 
cylindrieal    fieid    of    force.     The 
experiment  is  illustrated  in  the 
diagram.  Fig.  73. 

A  compaEs  needle  held  near  a 
borlzoulal  conductor  in  the  mag- 
netic meridian,  through  which 
conductor  a  current  ie  passing,  is 
deflected  by  the  same  cause  which 
^affects  the  filings. 


intensity  of  (he  field  of  force  must  be  described  i 
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way,  and  the  method  adopted  is  to  treat  the  field  of  force  aa 
eoMeetlon  of  lines  of  force.  If  a  field  is  ten  times  aa  strong  a 
another,  it  is  said  to  have  ten  times  as  many  lines  of  force  in 

D  the  cute,  Fig.  74  shows  the  conception  of  the  line 


// 
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of  force  surroundlnj;  an  active  conductor.  Fig.  7B  shows  the 
crosH-sectional  view  of  a  condHCtor  A  through  which  a  current 
Is  passing. 

Lines  of  Force  Produced  by  a  Curved  Conductor. — The  effect 
of  curving  a  conductor  is  to  hring  the  circular  lines  of  force  to- 
gether. The  parts  of  the  circles  be- 
tween adjacent  turns  are  ot  opposite 
polarity,  and  annihilate  each  other, 
and  within  and  without  the  course  of 
the  conductor,  lines  ot  force  such  as 
shown  in  Fig.  76  are  produced.  The 
Put  will  be  again  referred  lo  when  the 
significance  of  N  and  S  in  it  will  ap- 

Hotion    of  a  Conductor  In   a  Field 

of  Force.  ^A  conductor  which  Is  swept 
through  a  field  of  force  so  as  to  cut  the 
lines  of  force  has  electromotive  force 
impressed  upon  it,  and  a  current  wil 
go  through  it.  If  its  ends  are  Joined  so 

as  to  form  a  closed  circuit.     A  current  of  electricity  is  considered 
or  conceived  of  as  electricity  in  motion.     It  Is  coas^B^^i^^  ^"^  ''^'^ 
some  molion  Inherent  In   an   apparently  flxetl  aud  \Ta^ao^^\ft  \'^'^''- 
of  force. 
Accordingly,   the  line   of  force    with   abaoluteW    6v.eC\  ft.\^^.'A\«^ 


i# 


FlQ.  7s.-LmrB 
Sdrbohndxni;  an  i 

CoNBCi.TOR. 


170 


ELECTRICIANS'  HANDY  BOOK. 


may  be  assumed  to  have  a  whirling  motion  around  its  axis,  the 
latter  never  changing.  The  cut.  Fig.  77,  shows  a  circular  line 
of  force,  in  which  the  whirl  is  indicated  by  arrows.  The  familiar 
smoke  ring  sometimes  seen  rising  from  a  locomotive's  smokestack 
has  this  whirl. 

The  whole  subject  is  to  be  treated  as  a  group  of  analogies 
rather  than  theory. 

Direction  or  Polarity  of  Lines  of  Force,— In  electricity  there 
are  strict  relations  that  it  is  impossible  to  summarize  or  theorize 
upon  without  appealing  to  assumed  motion  and  direction.  Po- 
larity, which  is  certainly  direction,  is  familiar  to  every  child 
in  the  north  and  south  poles  of  his  magnet.     The  magnet  is 


no.  76.— Lines  oi"  Forob  Pboducbd  by  CircuiiAb 

OUBBENT. 


Fig.  77.— Smoke 

BlNG. 


the  most  familiar  producer  of  lines  of  force,  and  their  polarity 

or  direction  is  fixed  by  assuming  that  they  pass  through  the 

steel  of  the  magnet  from  the  south  pole  to  the  north  pole,  issue 

therefrom,  and  curving  around  through  space  return  to  the  south 

pole.    The  electric  current  is  already  fixed  as  regards  direction 

by   assuming  that  when   produced  by  the  galvanic  battery,   it 

starts  from  the  copper  or  corresponding  plate  and  goes  through 

the  outer  conductor  to  the  zinc  plate.    Assume  that  a  current  of 

electricity  is  passing  through  a  conductor  pointing  directly  at 

us.     If  the  current  is  coming  "end  on"  toward  us,  the  lines  of 

force  surrounding  it  will  be  in  planes  at  right  angles  to  the 

'ire  and  may  be  circular  or  otherwise,  but  will  form  closed  lines 

"td  the  conductor.     Their  direction  or  polarity  is  expressed 

R'  tbAt  it  is  opposed  to  tlie  moUoii  ol  ^iX!lfe  \!ia.TL^"a»  ^^  ^ 
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watch  or  clock.  It  is  anti-clockwise.  If  the  current  were  going 
away  from  \]§,  the  polarity  of  the  lines  of  force  would  correspond 
with  the  motion  of  clock  hands;  their  polarity  would  be  clock- 
wise. 

If  a  current  passes  through  a  spiral  conductor,  such  as  shown 
in  Fig.  78,  in  the  direction  indicated  by  the  small  arrows,  the 
direction  of  the  lines  of  force  produced  will  be  shown  by  the 
large  arrow.  Going  back  to  Fig.  76,  page  170,  the  same  relation  is 
indicated  by  arrowheads  .on  its  lines. 

If  the  central  arrow  in  Fig.  78  indicated  a  conductor  passing 
a   current   in   the   direction   of   the   arrow's   poimting,  and   the 


Fio.  78.— DiRBonoN  OF  liiMss  or  Fobos  Pboduoxd  bt  ▲ 
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Spiral   was  of  iron,  lines  of  force  would  produce  the  polarity 
shown  by  the  arrows. 

ilemoria  Technica  for  Lines  of  Force* — If  a  current  is  flow- 
ing directly  away  from  us,  it  may  be  taken  as  representing  the 
flight  of  time.  The  lines  of  force  surrounding  it  therefore  have 
the  direction  of  the  motion  of  the  hands  of  a  watch,  which  in- 
dicate  the  flight  of  time. 

Utility  of  the  Conception  of  Lines  of  Force.— The  conception 
of  lines  of  force  is  most  useful;  and  Faraday,  one  of  the  loveliest 
characters  and  greatest  geniuses  on  the  scientiflc  horizon,  did  the 
greatest  service  to  science  in  his  conception  of  them.  An  ap- 
proximation to  correctness  seems  sometimes  mor^  m^^1w\  ^Xi'a:^^ 
tbe^  bare  truth,  and  the  bare  truth  in  thia  case  Va  WiaX  \Xi«t^  ^x<^ 
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no  lines  of  force  but  there  is  a  yoiunie  of  force  The  entire  apace 
Burroundmg  a  purrent  of  electricity  is  affected  or  pSIarized  hy  It 
The  current  acts  upon  space  of  three  dimensions  or  volume  not 
upon  space  of  one  dimension  which  is  the  line  An  Inflnite  num 
her  of  lines  malte  «pace  of  threp  dimensions  Ju&t  as  a  great  num 
her  of  the  thinnest  filaments  can  build  up  a  thick  cable 

The  flpid  of  force  varie':  In  strength  with  its  proxlmitj  to  the 
current  and  theoretically  each  current  affect?  all  apace  Prac 
ticalh  the  field  near  the  conductor  la  the  only  part  atrong  enough 
to  plaj  any  part  in  economies  This  •strength  ia  expreaaed  by 
t-a>  ing  that  there  are  more  lines  ot  force  per  given  croifs  aectional 
area  near  the  ctnduttor  than  far  from  it 

Density  of  a  Field  — The  adjective  lense  and  the  noun 
dpn  ilj  are  (he  best  words  to  use  to  spe  ify  Ihe  itrength  of  a 
field  As  thp  strength  of  a  field  ia  measured  by  tlie  relative 
number  of  lines  ot  force  in  a  given  cross  Bectional  area  of  it 
and  as  it  is  taken  aa  being  made  up  ot  lines  of  force  its  density 
expresfeH  pxaetlj  its  relative  quantltj  o!  iines  of  forte 

The  Magnetic  Circuit  —The  entire  L0uri,e  taken  by  lines  of 
forcp  must  be  a  closed  curve  auch  as  a  circle  or  ellipae  In  the 
field  of  force  maintained  by  a  horseshoe  or  L  shaped  magnet  the 
lines  of  force  go  through  the  magnet  as  vvell  aa  through  space 
outside  it  Their  path  may  approximate  a  circle  or  an  ellipse 
or  he  a  combination  of  various  lines  and  c  irves  but  the  path 
must  be  Lontinuou'i  A  IIqp  of  force  »h  ch  extends  out  Into 
space  without  limit  or  a  line  of  force  whick  is  straight  for  its 
entire  length    la  impossible 

The  Lloaed  path  followed  hy  lines  of  force  is  called  the  mag 
netic  circuit  and  la  shown  by  the  dotted  lines  Fig  lb  on  page  170 
It    is   closeh    analogous    to   the   electric    circuit 

Energy  and  the  Hagnetlc  Circuit — k  fundamental  difference 
exists   betviLen   the   electric   and    magnetic   circuitb 

A  constant  electric  current  develops  energy  upon  its  circuit,  and 
energy  has  to  be  expended  to  maintain  It.  Lines  ot  force  are  main- 
tained in  their  circuit  without  the  expenditure  of  any  energy.  Bn- 
s  Indirectly  expended  upon  the  maintenance  of  the  field  of  a 
so,  Bimply  because  an  electro-maei^et  ia  preferred 
]  such  macbines.    It  eaaWes  &  TtwicVm.e  ' 


U 


THE  FIELD  OF  FORCE. 


H  smaller  tban  it  would  be  were  il  natural  maguel  used.  A  natu 
B  magnet  maintains  a  tield  ot  force  indeflniCely.  without  expendl 
B  any  energy. 

U^      Counter  and  Forward  Electromotive  Force.— To  create  n 

^tUnes  of  force   requires  the  expenditure  of  energy;    It  lines 

^■foree  go  out  of  existence,  they  develop  energy  in  so  doing.     Bvi 

^tcurrenl  in  a  given  circuit  maintains  linea  of  force  proportloi 

"  in  numher  to  Its  intensity.    Energy  has  to  be  expended  to  bri 

these  lines  of  force   into   existence,   which   opposes  any   incre; 

Of  current,   and   this   opposition   is   called   counter   electromotl 

Toree.     If  the  current  tends  to  cease,   tile  lines   of  force   in  d 

appearing   develop    energy    and    tend    to    increase    i 

This    action    Is    calied    forward    electromotive    force. 

Increasing   the   strength   of  a   field   is   done  by   increasing  t 

»namber  of  lines  of  force  In  it.  and  decreasing  the  number 
Jlnee  of  force  decreases  the  strength  of  a  field.  Energy  is 
quired  for  the  increase,  and  energy  is  siven  off  in  the  decrease. 
BuUdlng  up  tha  Fidd  of  Force.— The  action  of  an  Increasi 
current  in  producing  new  lines  of  force  is  called  building  «p 
Held  of  force.  When  a  circuit  with  a  battery  or  other  general 
In  It  is  closed,  so  that  a  current  passes  through  it,  it  has  to  hui 
up  a  field  of  force,  and  this  action  absorbs  energy.  When  t 
field  Is  built  up.  the  full  current  due  to  the  electromotive  for 
passes  through  the  circuit  unopposed  except  by  resistance,  ai 
maintaining  the  field  without  expenditure  of  energy. 

Hnergy  is  expended  in  building  up  a  field  o£  force,  none  is  i 
quired  to  maintain  it.  To  take  a  homely  comparison,  energy 
jexpended  in  carrying  a  weight  up  a  flight  of  stairs.  Once  up  tl 
Btalrs,  it  Is  maintained  there  without  any  expenditure  of  energ 
Potential  Energy  ol  the  Field  ol  Force. — Energy  seems,  ther 
fore,  to  have  .disappeared  or  to  have  been  annihilated,  which 
Impossible.  The  energy  expended  ill  forming  the  field  of  fori 
\s  stored  up  in  It.  A  field  of  force  can  he  compared  lo  a  storaj 
battery.  In  It  is  stored  up  electric  energy  of  the  potential  typ 
which  energy  Is  expended  in  the  production  of  kinetic  electr 
energy  when  the  field  goes  out  of  existence.  This  dlaappearam 
of  the  field  laJres  place  when  the  current  ceasea.  t^ica  ftife\w 
of  force  disappear  at  a  more  or  legs  rapid  rate,  a^^i  a*  'Cq.«1  ^ 
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devaiop  forward  electromotive  force,  which,  as  we  have  seen,  ia 
or  the  sense  or  polarity  of  that  which  actuated  the  origtnai  cur- 
rent, and  thia  forces  additional  current  through  the  line.  The 
energy  of  the  field  appears  In  the  form  of  electromotive  force 
quantity   units— volt-coulombs  or  some  multiple  or   fraction  of 

Energy  and  the  Field  ol  Force.— In  recapitulation  it  may  be 
repeated  here  that  (a)  energy  is  expended  in  building  up  a. 
field  of  force;  (b)  that  no  energyis  absorbed  in  the  maintenance 
of  a  field  of  force;  {c>  that  energy  is  developed  in  the  destruction 
of  a  field  of  force.  As  a  corollary  from  the  above.  It  follows 
that    (rf(   a  field   of  force   is  a  seat  of  potential  energy. 

Nature  of  the  riagnetlc  Circuit.— A  magnetic  circuit  is  com- 
posed of  a  continuous  path  through  space  traversed  by  lines  of 
force.  The  path  must  be  contiauouH,  and  the  lines  of  force  must 
be  closed  or  re-entrant  curves,  circles,  ovals,  and  the  like.  No 
break  can  be  made  in  tbe  circuit;  there  is  no  such  thing  as  an 
open  magnetic  circuit,  strictly  speaking. 

The  subject  preaents  many  analogies  with  the  electric  circuit 
and  its  phenomena.  The  lines  of  force  are  analogous  to  the 
current,  and  the  current  of  electricity  flowing  at  right  angles  to 
some  part  of  their  course,  plays  a  part  so  like  that  of  electromo- 
tive force,  that  its  action  is  sometimes  attributed  to  magnetomo- 
tive force.  For  the  passage  of  an  electric  current,  a  conductor 
of  some  sort  is  required.  All  forms  of  matter  can  he  broadly 
divided  into  relatively  very  good  and  very  poor  conductors  of  the 
electric  current.  For  lines  of ,  force  no  such  broad  distinction 
can  he  drawn.  Air  or  a  vacuum  is  the  worst  conductor,  but  Is  a 
fairly  good  one  at  that.  Iron  Is  the  beat  conductor,  yet  as  the 
field  grows  Intense,  and  more  and  more  lines  per  unit  area  pass 
through  It,  its  relative  superiority  over  air  or  a  vacuum  dlmln- 

The  electric   current  passes  through  a  conductor   in   Intensity 

proportional  to  the  electromotive  force  urging  it.     This  follows 

^rom   OlJm's  law.     Lines  of  force  paea  through  air  or  a  vacuum 

Ja  proportion    to    the    magnetOiaot\ve    totcc  myi,\^\¥,  "i^feiQ.    T?wa 

""M*'  ^B  magnetic  circuit  in  a  vaCMMm  or  'I'a.  'i-'*^  ■>■*  "a^^tSii 

'  to  Ohm's  law. 
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^*  There  is  very  little  difference  in  substancea  as  regarda  their 
capability  of  passing  liaea  of  force  until  iron  Is  reached,  when  at 
I  once  there  is  a  great  difference;  for  iron  may  have  over  three 
hundred  times  the  power  of  paasing  lines  of  force  which  air  has. 

Permeability  and    Permeance,— The   specific   or   relative   con- 
ducting power  of  a  substance   for  lines  of   force  Is  called   Its     I 
permeability.    The  conducting  power  of  a  given  magnetic  circuit 
is  called  Its  permeance. 

Iron  and  the  Pleld  of  Force.— Among  all  the  forms  of  matter,     ' 
iron  stands  alone  in  Its  relations  to  lines  of  force.    Recurring  to     , 
a  comparison  with  electric  current  laws,  it  is  as  if  copper  was     I 
several  hundred  times  a  better  conductor  than  other  substances: 
as  if  there  were  no  practical  insulator  for  electric  currents;   and 
as  if  all   substances  except  copper  possessed  equal  condnctivlty. 
The  difference  between  the  laws  of  the  field  of  force  and  of  the 
electric  current  extends  still  further  than  tie  above  would  Indl- 

Saturation. — Iron  becomes  a  relatively  poorer  conductor  for 
lines  of  force  as  more  are  passed  through  it.  As  the  lines  of 
force  produced  in  iron  Increase  In  number  per  unit  area,  and  are 
more  and  more  thickly  crowded  together  in  It,  the  Iron  Is  said 
to  approach  saturation. 

The  permeability  of  iron  decreases  as  it  approaches  magnetic     \ 
saturation. 

The  permeability  of  air,  of  a  vacuum,  or  of  gases  In  general  is 
virtually  constant. 

Different  qualities  of  Iron  have  different  relative  powers  of  pass- 
ing lines  of  force — they  vary   in   permeability. 

Naturally,  a  thick  piece  of  iron  passes  lines  of  force  better 
than  a  thin  one.  It  possesses  better  permeance.  As  long  as  the 
same  density  of  field  |  lines  of  force  per  unit  area)  exists  in  the 
iron,  it  is  sublect  to  an  analogue  of  Ohm's  law. 

Three  Factors  of  the  M^^etlc  Circuit. — There  are  three 
factors  to  be  understood.  They  are  so  often  referred  to,  that 
Ihetr  symbols  have  become  fixed  in  the  science.  T^sesft  6"j'^\s«i\4 
are  H,  B,  snd  u.     The  last  is  the  Greek  \eUer  m  mv4  \s  ^^'s- 

"'"'j"f  "'""■"    ''"e  H  and  B  are  invariabW  prtutfti  '''^'^^  '^'^^"^ 
faced   type. 
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Hagnetic  Force. — This  is  Bometimes  called  magaetomativo 
force,  and  is  Indicated  by  the  letter  H  It  is  the  cause  ot  mag- 
netism, and  can  be  regarded  as  an  eHect  ot  the  electric  current. 
As  developed  and  used  in  electric  machinery,  It  Is  almost  al- 
wayii  due  to  electric  current  in  circular  or  spiral  conductore.  It 
is  produced  in  dynamos  and  motors  by  pasaing  an  electric  cur- 
rent through  wire  conductors  wound  around  iron  cores.  The 
permeance  of  the  cores,  due  to  the  permeability  of  the  iron,  gives 
a  good  path  for  lines  of  force. 

Ampere  Turns. — The  current  is  measured  in  amperea  and  the 
turna  of  wire  are  counted.  Multiplying  them  together,  we  hayo 
ampere  turns.    Electro-magnets  are  excited  by  ampere  turns;  the 


magnetizing  force  acting 
turns;  however  this  fore 
tional  to  the  ampere  tu 
H  may  be  expressed  ae 
a  matter  of  convenience. 


1  thei 


measured  by  ampere 
measured,   it  Is   rigorously  propor- 


t  resemble  as 

i  indicated  by 
t  denotes  the 
=n    in  ampere 


lines  ot  force,  or  as  ampere  turns,  as 
The  latter  seems  too  concrete,  but  it 
is  easily  referred  to  the  line  of  force,  because  the  ampere  turns 
multiplied  by  1.237  gives  the  value  of   H  ii  C-  G.  S.  unite. 

This  magnetizing  or  magnetomotive  force  acting  on  a.  mag- 
netic circuit  sends  lines  ot  force  through  it,  each  one  being  tahen 
as  representing  a  contlnvious  curve.  The  whole  s 
drawn  a  set  ot  oblong  or  of  other  shaped  rings. 

Field  Density. ^The  density  of  a  field  of  force 
the  letter    Q   always  printed   in   full-faced   type, 
effect  of    |-[,   which,  as  has   been. said,  may   be  gi 
turns.     An  equation  similar  to  that  of  Ohm's  law  espressos  the 
relation  between   H  ^^"^  B'    "-  '^' 

H-  —  '^       - 

"        reluctance 

B  IB  the  number  of  lines  of  force  which  a  given  magnetic  force 

y^  can  force  through  a  unitary  cross-sec  tional  area  o(  a  glyen 

magnetic  circuit. 

As   the   specific   reluctance  or   rehiclivity   of  air   is   unity,  and 

remains  so  for  alJ  valuea  of   Q;  In  an  air  ?a\.V  H^-^^B  vary  in 

Estlo  with  each  other.    It  W  Va  doMtoea,  B\'ii  «Ns^  i-s^^^J 


« 


:  I  holds  for  air. 
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Permeability.— The  relative  conducting  power  for  lines  of 
force  la  so  called,  and  is  espresaed  by  ^.  The  permeability  of  air 
id  equal  to  1.  Permeability  ia  the  reolproual  of  reluctivity  or  of 
specific  reluctance.  For  Iron  rr  exceeds  unity  except  possibly  for 
rery  high  values  of  H,  because  iron  has  higher  permeability  than 
lUr  for  all  ordinary  values  of  H, 
The  quotient  =  is  expresBed  by  u  (mu)  or 
■  i  u  =  "  ^  permeability. 

This  reads  like  Ohm's  law,  but  is  destroyed  l)y  the  properties  of 
iron,  by  which  there  are  different  values  of  ii  lor  difTerenl  vfclues 
I   ot  B.     As  B  increases,  m  diminishes  lor  iron,  never  reaching  but 
.    approaching   unity. 

Saturation   ol    Iron, — The   permeability    of    iron    approaches 

unity  as  Its  fleld  density  IncreBses.    When  permeability  Is  equal 

^Ifl  unity,   iron   is  theoretically  saturated.     Saturation   indicates 

fc  disappearance  of  the  relative  superiority  of  iron  over  other 

a  a  path  for  lines  of  force.     The  analogy  with  Ohm"H 

l^does  not  hold  with  iron  until  saturation  Is  reached. 

I  practice    iron    is    said    to    he    saturated    long    before   this 

i  ia   reached.     The   practical    saturation   of   iron   Is   reached 

than    500.      In    wrought    iron    such,    imperfect      1 

»»tlon   ia   reached   at   125,000   lines   to   the   square   inch   as  a      | 

IB  for  B:  ^T  <^-^=*'^  ^'^°°-  at  about  70,000  lines, 

|b  Insulator  of   Magnetism. — There  is  no  insulator  of  mag-      'I 

Perpetual   motion   has  i.i   maiy  a  poor  inventor's  mind  ■ 

I  possibility  If  an   insulator  of  magnetism   could   only 

«  line  of   force  la  an   independent   sort  of  being.    Water 

J  from  a  pipe  takes  a  paraliolic  course  through  the  air 

rjkes  a  wail  or  something  which  will  deflect  It.    An 

'olIowB  its  conductor  as  long  as  it  is  continuous. 

j_lt  la  cut  or  a  switch   Is  opened,  the     j 

i/a  brought  Into  ex\sU>ii'-o,  Wi^"^*] 
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of  force  go  on  their  circuits  and  cannot  be  stopped  by  any  mate-    ■ 
rial     whicli     intervenes.     Metals,     organic    material,     water, 
things,  are  alllie  powerless  to  stop  them. 

The  Qausg.— Air  is  the  standard  for  the  magnetic  circuit. 
A  magnetizing  force,  H.  '^^  intensity  to  force  one  line  of  force 
per  square  centimeter  through  one  centimeter  thlclinesB  of  air 
is  termed  a  "gausa."  If  the  force,  H.  's  doubled,  two  lines  of  force 
will  pass  per  square  centimeter,  and  so  on.  One  gauss  is  eciual 
to  0.79B5  ampere  turn. 

Reluctance  and  ReluctlvHy. — The  material  of  the  path  of 
the  magnetic  circuit  resists  the  passage  of  iines  of  force,  and 
Is  said  to  possess  reluctance.  The  relative  reluctance  of  differ- 
ent materials  Is  reluctivity.  The  latter  word  is  very  little 
used.  Everything  in  nature  possesses  reluctivity.  That  of  air, 
being  taiten  as  the  standard,  ia  given  the  value  of  1.  Reluc- 
tance and  reluctivity  are  the  reciprocals  of  permeance  and 
permeability  respectively. 

Synonyms  tor  Q,  H,sit'l  u- — 'Different  authors  have  given  so 
many  names  to  these  three  quantities  that  the  first  two  are 
very  often  spoken  of  as  "B"and"H."  Tlie  principal  synonyms 
of  B  ^'■'5  t''^  following:  Field  density,  flux  density,  magnetic 
displacement,  internal  magnetization,  magnetic  induction,  per- 
meation. Of  H  tlie  following  are  the  principal:  Magnetizing  or 
magnetic  force,  rate  per  centimeter  of  fall  of  magnetic  potential, 
magnetomotive  force.  Of  ;t  the  following  are  the  principal; 
permeability,  specific  conductivity  for  lines  of  force,  magnetic 
multiplying  power. 

The  curves  expressing  the  relations  of  magnetic  force  H 
and  field  density  Q  are  often  tall      Q  and  H  [turves. 

B  and  H  Curves.— The  relations  of  g  to  H  constantly  chang- 
ing are  best  shown  by  curves.  The  diagram.  Pig.  79,  gives 
curves  for  various  kinds  of  iron.  The  horizontal  line  gives 
values  ofH,  the  vertical  one  gives  values  of  g.  As  the  values 
of  B  2fs  much  larger  than  those  of  H,  tbe  diagram  is  al- 
ways magnified  In  the  horizontal  direction.  If  this  were  not 
done,  and  the  scale  were  made  the  same  for  both  B  ^^^  H  i 
values,  the  diagram  would  be  awliwaitflv  liVftli  wiA  narrow,  and  1 
*is//  values  could  not  be  read  witli  ans  4esTe«  ol  wkmssbs.     I 

u J 
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An  air  diagram  would  properly  be  drawn  without  distortion. 
A  -^^  1  for  air,  the  "curre"  for  it  would  simply  be  a  straight 
line  rising  at  an  angle  of  45°  with  the  horizontal.  On  tbe  dis- 
torted diagram,  Fig.  79,  the  air  line  would  be  almost  horizontal. 
When  it  would  cross  tlie  Iron  Uae,  the  point  would  be  reached 
when  air  would  be  more  magnetizable  tlian  iron.  This  point,  It 
is  safe  to  say,  never  has  and  probably  never  will  be  reached. 

Inlerpretatlon.^The  curves  indicate  the  locus  of  points  where 
any  magnetization  Q  is  produced  by  any  magnetizing  force  H. 


FlQ.  T9.- MiONETIZiTIOPt  CCTB^Ba    OF  IBCIN  AfD  STEBL. 


Iinint  on  thr  line  H  will  inter- 
6  taken  from  these  points  will 
the  pomt  indicating  the  mag- 
mg  force  indicated  by  the  point 
I'aa  erected 


A.  vertical  erected  on  any  given 
sect  the  curves.  Horizontal  lini 
intersect  the  vertical  line  Q  at 
netization  given  by  the  magneti? 
of  H  <"^  which  the  vertical  line  ■ 

Practical  Cooslderations.— In  the  building  of  < 
permeability  of  the  iron  used  for  cores  of  armatures  and  of  PelJ 
magnets  taa  to  be  known.  This  knowledge  Is  essential  for  the 
calculation  of  their  construction.  Without  knowing  the  perme- 
abilities, the  intensity  of  the  field  of  lorce  catmot  ^le  -^t^^ 
termined. 
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The  curves  in  Fig.  79  show  that  soft  annealed  iron  gives  the 
highest  values  of  g  for  given  values  of  p.  It  is  evident  from 
the  curves  that  when  a  density  of  16,000  lines  of  force  is 
produced,  it  is  not  worth  while  to  increase  Hf  ^^  B  ^^^^  grow 
very  slowly.  But  little  will  be  gained  by  pushing  H  beyond 
10  or  20  for  soft  annealed  iron.  Energy  is  expended  in  the 
maintenance  of  the  electromagnetic  field  of  force,  under  the 
present  conditions  of  electric  construction.  Whether  this  should 
be  so  or  not  is  an  open  question,  but  the  case  is  that  the  value 
of  H  is  proportional  to  the  energy  expended  on  the  field  cir- 
cuit. It  follows  that  where  for  a  given  value  of  H  ^^®  highest 
value  of  B  is  reached,  the  best  results  are  got  for  a  given 
expenditure  of  energy  on  the  field.  The  diagram  shows  that 
of  the  materials  specified  on  the  chart,  soft  annealed  iron  is  best 
•    adapted  for  the  production  of  an  electromagnetic  field. 

Glass-hardened  steel  sweeps  upward  across  the  diagram,  show- 
ing no  signs  of  approaching  saturation. 

Any  quantity  of  such  diagrams  could  be  produced.  The  one 
given  illustrates  their  principle.  The  relation  of  B  to  H  is 
most  conveniently  studied  from  such  curve  diagrams.  Thus; 
if  it  is  desired  with  annealed  steel  to  produce  a  field  of  8,000 
lines  of  force  per  square  centimeter,  the  diagram  shows  that  a 
magnetizing  force  suflacient  to  produce  about  15  lines  of  force 
in  air  should  be  employed. 

As  a  matter  of  practice  in  dynamo  construction  and  operation, 
B  is  generally  in  the  neighborhood  of.  16,000. 

Permeability  Curves.— We  have  seen  that  ttt  which  is  never  j 
less  than  unity,  or  1,  is  called  permeability  and  is  designated 
by  the  Greek  letter  u.  B  varies  with  H  as  we  have  seen,'  but 
not  in  direct  proportion  to  it.  Therefore,  varies  with  dif- 
ferent samples  of  iron.  This  is  because  the  relations  of '  B  to  H 
vary  with  different  irons.  The  curves  shown  on  the  next  dia- 
sram,  Fig.  SO,  show  variations  in  permeability.  The  horizontal 
base  line  is   divided   for  values  oi  ^,  l\i^  csA^Utl^  field.    The 

vertical  line.  A,  is  divided  for  t\ie  va\Mea  ol  XXi^  ^vsv^XXfc-^X.  ^"^  -^ 
^  /^'     The  curves  show   how     n ,  ^hVciteL  Vu^V^^V^  \Xi^  ^^tb^r 
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ability  of  different  kinds  of  Iron,  varies  as  g,  the   magnetic 
field,  1b  greater  or  less. 

The  curve  of  permeability  often  rlaes  at  first.  The  greatest 
permeabinty  In  alicfa  a  case  is  not  at  the  lowest  value  of  Q,  Thua 
In  one  case  tor  commercfat  wrought  Iron  the  permeability  waa 
found  to  be  greatest  when  Q,  its  flux  density  or  field,  was  equal 
to  G.OOO  lines  of  force  per  square  centimeter  of  cross  section. 
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5ott  5teel  In   Dyiuino5.— But  tliese  low  flux  densities  have 
little  interest  from  the  practical  standpoint.    To  economize  in 
size  and  consequent  expense,  the   field  In  electromagnetic  ma- 
chinery Is  made  strong  by  high  excitation.    Annealed  mild  steel 
above  13,000  lines  of  force  flux  density  has  much  higher  perme- 
ability than  soft  Iron.     Such  steel,  owing  to  the  Introduction  of 
the  open-hearth  and   Bessemer  processes,   Is  cbea.'^V^   -^tq&>u^%& 
bh^  Ib  macb  used  for  Seld  magnets. 
AttOMllttg.—The  curves  on  both  the  diagrams  ato-w  ft^a-'^  *-^' 
nmllng  is  of  great  valae.     The  annealing  ahQu.\4  ^ft  *^o^^  "^'^ 
MU  opMiUons  tending  to  harden  the  iroii  aie  o^et- 
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Determination  of  Curves.— The  curves  in  this  class  of  dia- 
grams represent  the  result  of  measurements  made  by  labora- 
tory processes.  Thus  in  the  laboratory  a  series  of  magnetizing 
forces  are  caused  to  produce  a  part  of  a  magnetic  circuit  through 
a  piece  of  the  iron  which  is  to  be  tested.  The  density  of  field 
produced  by  each  magnetizing  force  is  determined,  and  the  two 
are  entered  in  parallel  columns.  One  column  is  headed  H,  the 
other  B.  It  may  be  that  direct  values  of  permeability  are  de- 
sired. Then  a  third  column  is  added.  Each  value  of  B  ^^  divided 
by  its  corresponding  value  of  H,  and  the  result  entered  in 
the  parallel  ju  or  permeability  column. 

Suppose  in  the  experiments  in  the  laboratory  a  magnetizing 
force  of  H  =  1.66  has  been  applied  to  a  sample  of  annealed 
wrought  iron,  and  has  produced  therein  an  excitation  or  mag- 
netic field  represented  by  B  =  5000.  If  we  divide  5000  by  1.66, 
the  result  is  3000,  or  u  =  3000.  This  gives  us  the  figures  for 
the  top  line  of  our  three  columns.  Applying  a  magnetizing  force 
of  H  =  4,  we  get  B  =  9000,  and  dividing  9000  by  4  we  ^et  ju  = 
2250.  The  process  is  repeated  for  different  increasing  values  of 
B.  and  the  results  of  such  a  series  of  tests  are  tabulated  below. 


ANNEALED   WKOUGHT  IRON. 

H 

B 

M 

1.66 

5,000 

3,000 

4 

9,000 

2,250 

5 

10,000 

2,000 

6.5 

11,000 

1,692 

8.5 

12,000 

1,412 

12 

13,000 

1,083 

17 

14,000 

823 

28.5 

15,000 

526 

50 

16,000 

320 

105 

17,000  • 

161 

200 

18,000 

90 

350 

19,000 

54 

666 

20,000 

30 

Tlie  three  factors  Q    H|  ^^^  '^^  ^^^  ^  essential  to  the  dynamo 
pr  motor  builder  as  are  the  three  facloxa  ol  0\iTD!^\vN. 
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•     Relation  Betweea  Ampere  Turns  and   Lines  of  Force.— The 

field  of  force  in  practice  as  in  dynamos  is  produced  by  ampere 
turns.  If  the  current  passing  through  the  coils  of  an  electro- 
magnet is  multiplied  by  its  convohitlons,  it  gives  the  ampere 
tuma.  if  the  ampere  turns  are  multiplied  by  1.257,  it  gives 
the  value  of  in  Kausses.  Thus,  to  produce  10.000  lines  of  force 
in  a  pr.th  of  air,  1  centimeter  long  and  1  centimeter  square, 
10,000  „,^, 
— ..   -.^^"itSJ  ampere  turns  will  be  required. 

Leakage  of  Lines  ol  Force. — As  there  Is  no  insulator  for  lines 
of  force,  liielr  escape  from  the  path  laid  out  for  them  la  to  be 
anticipated.  A  submnrlne  cable  will  lose  current  it  badly  In- 
sulated, and  a  magnet  core  cannot  be  insulated  as  regards  lines 
of  force,  because  there  is  no  insulator  of  magnetism,  and  hence 
Its  tinea  of  force  must  leak. 

The  Iron  used  for  n-.agnet  cores  possesses  several  hundred 
limes  higher  permeability  than  that  of  air,  copper,  or  other  ma- 
terial. The  core  of  a  field  magnet  therefore  retains  within  itself 
a  great  proportion  of  the  lines  of  force,  but  many  leak  across 
from  one  limb  lo  the  other.  The  perfect  magnet  would  have  no 
leahage.  and  the  lines  of  force  in  undiminished  numbers  would 
issue  from  one  pole  and  curve  around  through  the  air  to  the 
other  pole. 

The  leakage  is  greatest  where  the  parts  of  the  magnet  core 
or  other  path  of  the  greatest  difference  of  polarity  approach 
the  closest.  If  the  poles  come  close  together,  tlie  air  in  their 
neighborhood  will  possess  the  greatest  density  of  field  and  the 
leakage  may  be  the  greatest  in  their  vicinity.  An  armature 
brought  near  the  poles  draws  the  lines  of  force  Into  itself,  modi- 
fying and  reducing  the  leakage. 

The  relative  amount  of  leakage  is  expressed  hy  a  figure  called 
the  coefficient  of  leakage.  This  expreseeB  the  ratio  of  total  field 
(o  useful  field.  The  latter  Is  composed  of  the  lines  of  force 
which  go  through  the  armature.  On  dividing  the  total  lines  of 
force  existing  in  the  circuit  by  those  going  through  the  arma- 
ture, the  coefficient  of  leakage  is  obtained.  It  varies  from 
1.15  up  to  2.00  or  more.  If  the  latter  figure  ho\4ft,  \\.  ta&.V'ift.'va* 
a  loss  of  one-bait  the  excitation.     The  larger  ttift  e\wXtolfiaS^*^ 
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th«  \awrr  l»  th«  coefficlmt  o(  iiiAEnetI«  IcMkas*-    ^  tke 
modem  itriuiino  Ihe  leakage  coeOcient  ia  t«t  iiubIL 

A  bfgh  degree  of  magnetfxUfoii  decreasea  pcnteabillt} 
the  p«rm«abntt.r  growt  leu,  tlie  leakage  increaaca. 

Stray  HaM. — The  lines  of  force  about  a  macKeUe  circa 
be  divided  Into  tboae  which  lie  in  the  cinmtt  and  those 
leak  acroM  It  t&roagb  tbe  air  or  other  stifaataiKe.  The  lb 
force  which  leak  oat  of  tbe  circuit  constitute  what  is  ca 
strar  field.  Th«  cat,  Fi 
shows  the  stra;'  Aeld  c 
electro-magnet  of  a  bipol; 
namo  with  an  iron  base 
IVnM—tc  at  a  JIb) 
Circalt. — The  permeauc 
the  magnetic  clicnit  of 
u&mo  or  like  machine  ' 
with  the  permeability  < 
constituent  parts,  with 
croBB-sectional  area,  and 
the  lengths  of  the  dlf 
parts.  Tlie  permeabllltj  ■ 
Iron  of  ttie  magnet  core 
be  known,  and  Is  in  good 
tice  determined  for  eact 
lety  of  iron  used,  Thi 
meabitltf  multiplied  bj 
cross-sectional  area  of  th< 
and  divided  by  the  core  1 
Kl¥(!H  the  pBrmeance  of  the  magnet  core.  The  permeance  i 
armatiirfi  Ih  ohtainetl  In  like  manner.  The  air-gap  permea: 
obtained  In  the  Kame  way,  except  that  air  has  a  permeabl 
1  alwayH,  no  that  unity  la  employed  in  the  calculation  for  t1 
Raps  where  special  permeability  values  were  employed  t 
other  parts  of  the  magnetic  circuit. 

The  reoiprocals  of  the  permeances  or  reluctances  of  the 
of  the  magnetic  circuit  thus  determined  are  obtained  b 
pressing  them  as  denominators  of  fractions  with  numerati 
Thus,   If  tbe  permeance  of  one   part  was   1000,  its  reluc 


Yttl.  SI.— LINE!  or  FoBCa  in  SPACa 
8i;KB(iDNi>ina  a  Dipol.ar  Drn^jio ; 
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uld  be  1/1000.    The  reluctances  are  added  together  by  the  rule      . 
for  addition  of  fractions,  which  gives  the  total  reluctance.    The 
reciprocal   of  this   quantity   gives  the   total   permeance  of   the 

Hysteresis. — When  a  blacksmith  puts  a  bar  of  iron  in  the  Are 
of  hia  forge,  it  takes  some  time  for  it  to  come  to  a  welding 
heat.  If  a  piece  of  iron  is  subjected  suddenly  to  a  magnetizing 
force,  it  takes  a  certain  length  of  time  tor  it  to  acquire  the  full 
effects  oC  the  force.  Just  as  the  hot  bar  cools  slowly,  so  the  iron 
which  was  made  a  magnet  by  magnetizing  force  loses  all  or  a 
part  of  Its  magnetization  when  that  force  is  annihilated,  but  a 
certain  time  is  required  for  this.  The  two  cases  are  exactly 
analogous  to  the  action  of  heat.  The  delay  In  changing  the  state 
of  magnetization  is  called  hysteresis. 

If   iron   Is   subjected   to  an   increasing   magnetizing   force,   the 
magnetization   will   increase.     Then   if  the   magnetizing  force  be     . 
diminished,  the  magnetization  will   decrease,  but   not  as  rapidly 
as  it  increased  for  the  same  changes  In  H  or  magnetizing  force- 
After  the  magnetizing  force  has  been   reduced  to  aero,  the  iron 
will  retain  more  or  less  magnetization.    To  cause  it  to  disappear 
completely,    an   opposite   or   reverse   magnetizing   force    must   be       . 
applied      This  will  bring  the  magnetization  to  zero  if  the  reverse       ^ 
magnetizing  force  is  of  the  right  degree  of  strength.     Hysteresis       i 
is  the  tendency  of  magnetization  to  lag  behind  the  magnetizing 

Residual  nagnetlsm.— The  magnetism  retained  by  the  iron  ' 
after  the  magnetizing  force  has  ceased  la  called  residual  mag- 
netism, it  varies  in  amount  with  the  quality  of  the  iron.  It 
tends  generally  to  diminish  with  time,  with  changes  In  tem- 
perature, with  other  molecular  and  mechanical  factors  and  ac- 
tions, so  that  its  permanency  is  variable. 

Hysteresis  Is  Awn  to  or  Is  a  phenomenon  of  residual  magnetism. 

ll  therefore  Is  of  higher  degree  In  steel  than  in  soft  Iron,  because 

jilns  more  residual  magnetism  than  soft  Iron  does, 

"eais  Curves. — Its  action  is  shown  !n  hysteresis  curves. 

»fftm.  Fig,  82,  are  given  curves  from  Ewing.  indicating 

r  hysteresis  in  an  annealed  etee\  ^Wao-loAe,  -^\.-^ts. 

1  lines  of  the  diagram  are  dWWed  tax  voaXUNa  tt.\i.4. 
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negative  values  ol  the  magnetizing  force,  H.  fi^m  0  to  100  and 
to  — 100.  The  vertical  lines  are  divided  tor  values  o£  g  from. 
0  to  15,000  and  0  to  —15,000.  The  magnetizing  force  H  appUed 
by  degrees  gave  the  values  oE  g  indicated  by  the  curve  starting 
from  0.  Thua,  tor  H=l'*  ^^  have  B=^*'^'>ut  1800,  for  H  =  50 
B  =  nearly  12,000,  and  tor  H=OJB  =  (a  little  more  than) 
14,000.  The  magnetizing  force  was  now  reduced,  when  the  lett- 
hand  curve  gives  the  effects  of  residual  magnetism.  On  the  re- 
duction when  H  =  0  B  ="  <Ei  little  more  than)  10,000,  and  this 
value  ol  B^1')'*^')D  '^  ^^^  residual  magnetism.    To  reduce  QtoO 


Fig.  83.— Hystkrwis  Curvis. 

a  demagnetizing  force  of  H  =  (about)  — 23  is  needed.  On  fur- 
ther applying  minus  values  of  H>  opposite  magnetism  la  in- 
duced in  the  steel  until  H=^Sf  a  value  of  about  — 14,000  is 
reached  for  Q,  It  now  |^  is  brought  back  to  zero,  B  =  (b-  little 
more  than)  — 10,000,  Just  as  before  the  positive  values  of  Q^ 
end  this  again  is  permanent  magnetism  of  opposite  polarity  to 
the  preceding.  As  before,  g  becomes  zero  when  y\  has  the  same 
numerical  value  as  before,  but  of  opposite  sign,  or  H=  (about) 
20  when  Q  =  0.  On  increasing  H,  the  value  B=  (»  1'**'^  more 
tAaaJ  1400  is  reacBed  when  H  '**^  '^^  "1*^  value  of  90. 
The  carves  give  an  open  figure;  tbes  Yac^osft  aii  we^,  a.^id  the 
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whole  resembles  an  Indicator  diagram.     Lilte  the  latter,  It  repre- 
sents a  cycle  wliich  could  be  repeated  indefinitely. 

Loss  of  Energy  Due  to  Hysteresis.^Tlie  area  Is  proportional 
to  the  energy  converted  by  hysteresis  into  useless  heat. 

The  loss  of  hi  ateresia  affeets  the  operations  of  much  electrO' 
magnetic  maclilnery  and  of  alternating-current  transformers. 

HystereUc   Constaat.— A  very  simple  formula  for  the  loss  has 

been  produced  by  C.  P.  Steinmetz.    Calling  h  the  loss  measured 

in.  ergs  due  to  hysteresis  per  cubic  centimeter  of  iron  and  for  a 

single  cycle,  the  formula  reads  as  an  equation: 

ft  =  i7B'' 

The  Greek  letter  rj  (eta)  is  a  constant  called  the  hysteretic 
constant.  The  equation  holda  good  for  a  frequency  of  cycles 
of  alternation  up  to  200  per  second.  This  is  twice  that  of  stan- 
dard alternating  current  systems.  Remembering  that  10'  ergs 
are  equal  to  one  watt  or  volt-ampere,  we  can  at  once  see  just 
what  waste  of  energy  there  may  be  occasioned  by  hysteresis  in 

The  hysteretic  constants  for  various  qualities  of  iron  are 
given  in  the  table. 

Very   soft   Iron    wire 0.002 

Moat  ordinary   sheet  iron 0.004 

Soft   annealed   cast   steel 0.008 

Cast  iron O.OIG 

Hardened   east  steel 0.025 


To  get  the  loss  in  watts  from  the  above,  it  Is  simply  r 
to  substitute  the  proper  coefficient  for  jf  in  the  equation  and 
divide  by  10-'',  or  what  is  the  same  thing,  to  multiply  bylO-'. 
Suppose  the  material  used  had  the  coefficient  0.003.  The  watts 
loss  would  then  be  equal  to  0.003  x  10-'  x  B"°  ><  *»■  The  number 
of  cycles  indicated  by  n  has  to  be  introduced,  because  Stelnmetz's 
original  equation  refers  to  a  single  cycle  only. 

When  a  magnetizing  force  is  applied  without  change  fo  a  piece 
of  Iron,  its  magnetization  increases  sometimes  for  half  an  hour 
or  more,  sometimes  to  the  amount  of  several  per  rent  of  the 
magnetization.  This  is  termed  viscous  hyateteela  bi  Ew'ai%^Va 
dlacorerer.  anil  sometimes  it  ie  termed  magnetic  crea^Sus. 


CHAPTER    IX. 

MAGNETS. 

The  Electro-Magnet.— If  a  bar  of  iron  is  inserted  in  the  axis 
of  a  coil  of  wire  through  which  a  current  is  passing,  it  will 
become  magnetized  and  will  attract  iron.  If  free  to  move,  one 
end,  and  always  the  same  end,  will  point  toward  the  north  pole 
of  the  earth;  not  directly  in  that  direction,  except  over  a  limited 
area  of  the  earth's  surface.  Turning  back  to  page  170,  we  see 
In  Fig.  76  the  diagram  of  a  straight  electro-magnet.  The  letter 
N  indicates  the  north-seeking  end  of  the  pole,  the  letter  S  the 
south-seeking  end.  They  are  generally  called  the  north  and 
south  poles  of  the  magnet. 

Tractive  Force  of  the  Electro-Magnet.— A  piece  of  iron  by 
presenting  a  good  path  for  the  lines  of  force  in  the  vicinity  of  an 
excited  electro-magnet  virtually  concentrates  a  number  of  them 
within  itself.  Other  things  being  equal,  a  line  of  force  tends  to 
become  as  short  as  possible,  acting  something  like  an  India-rubber 
band.  Hence  the  lines  extending  from  magnet  face  to  armature 
tend  to  become  as  short  as  possible,  and  this  tendency  pulls  the 
armature  toward  the  magnet,  just  as  if  a  multitude  of  India- 
rubber  bands  connected  the  two. 

Spreading  of  Lines  of  Force. — In  air  lines  of  force  spread 
apart,  which  might  seem  to  contradict  the  above.  But  the  lines 
not  only  tend  to  shorten  their  paths,  but  do  not  easily  change 
direction.  A  line  starts  out  straight  from  the  surfaces  of  a  mag- 
net, and  curves  gradually  toward  the  other  surfaces.  This  ten- 
dency to  start  straight  (normally)  from  a  surface  gives  the 
lines  of  force  a  feather-like  contour. 

Wuatratlrg  Lines  of  Force  About  a  flagnet. — The  cut.  Fig. 
*f,  abowa  the  direction  of  lines  ot  totce  sXiowX.  XX^^  woxXXi.  ^sv.d 

■»  poJea  of  a  magnet,  as  shown  by  Vtou  ftVVsi%^  o^  ^  ^».^^  w 


Tte  paper  Is  placed  ov 
a  somewhat  obscure  pla( 
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euch   as   employed   b>    draugiitsmen 
the  poles  m  a  horizontal  position  i 
Tlie    filings   are    dusted    on    tba 
paper    which  may  be  tapped  ( 
shaken  a  little     It  Is  e 
strong  daylight  or  sunlight  with 
thp  filings  In  place   and  It,  thpii 
soaked  tn  water    the  flllngB  fir  r 
being    removed       Very    interest 
mg  prints  can   be  made   in   thi'! 
waj  ; 

Spiral  Elcctro-Hagnet  —If  an 
active   conductor    is    euiroimded 
by  a  spiral  of  iron   as  shown  in    „ 
Fig    84    the  spiral  will  become 
magnetized    and    will    became   a 

magnet,  w  1th  poles  at  N  and  S.    Fig.  78  may  be  referred  to  In 
this  connection. 

U-Sbaped  Electro -Magnets.— The  borseaboe  or  U-ahaped  elec- 
tro-magnet is  a  type  which  has  been  very  extenaively  used.  The 
core  repreaenta  a  portion  ot  a  circle,  three  sides  of  a  rectangle 
or  some  similar  form,  and  generally  two  colls  of  wire  are  wound 


■Spiral  Eleotbo-Maomet, 


upon  two  of  its  sides.  The  sides  are  called  legs  or  llmhs,  the 
connecting  portion  of  the  core  is  the  yoke.  A  typical  magnet, 
Buch  as  used  in  telegraph  instruments,  Is  shown  in  Fig.  85.  An- 
other wound  with  coned  coils  of  wire  is  shown  in  FI&,  86.  TVfe 
wire  Jb  wound  In  opposite  directions  on  Ibe  t^o  \e^  o^  '^" 
Bb^ed  magnets,  as  jadyeated  in  Fig.  87,  in  -wWCb.  Mto^a  w«J 
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used  lo  show  the  direction  of  the  eui'renl  around  the  core,  whose 
IJOleH.  marked  N  and  S,  are  aupposed  to  face  the  observer. 
A  powerful  form  is  that  proposed  by  Silvanus  P.  Thompson  and 


i 

V 


^^ 


shown  in  Fig.  88.    A  thiclv,  sliort  magnetic  circuit  is  provided  by 
the  core  of  this  shape. 

The  magnetic  circle.  Fig.  88,  ia  very  similar,  and  shows  how  a 
U-shaped  magnet  can  be  excited  by  a  single  coil.  This  form  is 
made  for  lecture  purposes  about  three-quarters  inch  thich,  bent 
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Fig.  SB.— Maokktio  Cihcul 


1  of  electro-mag- 
net devised  by  J.   P.  Joule  in 

the  first  half  of  the  last  cen- 
tury.      The    volt-co-Tilorab    or 

joule    is   named    in   honor   of 

this   diatingnished  scientist. 
The   hinged   electro-magnet. 

Fig.    91,    needs    no   armature. 

When      a      current      Is      sent 

through  its  coils,  the  two  legs 

&wing  together  and  thPir  ends 

touch  eafih  other. 
An   example   or  a   TT  shapert 

magnet  with   a  single  coil   i 

seen   in  Fig,  92.     Thi'i  type  is 

called  by  the  Germana  a  limp 

ing     magnet,     which     S      P 

Thompson    renders    dub  foot 

A   pivoted    armature    It.    pro 

vided     for    these     particular 

magnets. 

Annular   Chambered   nagnet.— A  number  of  electro-magnets 

whose  exciting  coils  are  contained  In  annular  chambers  or  grooves 
;  been  devised.  One  used  for  lecture  experiments  is  shown 
in  Fig.  93.  It  may  be 
catted  the  electro-mag- 
netic Magdeburg  heml- 
speres.  The  magnet 
and  armature  are  indi- 
cated by  a  a  and  are 
identical.  The  section 
of  one,  A,  is  shown 
with  the  exciting  coil 
C.  The  Iron-jacketed 
electro-magnet,  Fig.  94, 
is  practicaUs  OYift  "tractX. 
liievice,  end  is  intended  to  attract  a  aa,\.  MmW.->\T«. 
|Wjp7/car/on  of  this  type   is  sbown  \u  t^e  eXecUo- 
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magnetic  clutcli,  Fig.  95.  Brushes  B  B  bear  upon  insulated  rings 
C  C  on  the  hub  of  a.  band  wheel,  which  is  free  to  rotate  on  a 
shaft.  Current  entering  by  the  bruBhes  excites  the  annular  coll, 
which  magnetizes  the  band  wheel  and  draws  it  against  the  disk 
A  A.  The  latter  Is  keyed  to  tbe 
shaft  and  rotates  with  it.  When 
the  disk  and  free  band  wheel  are 
drawn  together,  the  wheel  has 
to  turn  with  the  shaft. 

Electro  -  (iBgnetlc     Tractive 
Power.— A  pair  of  wheels  may 
be  drawn  together  by  a  coll,  as 
Fio. 91.— HiNoci)  ELOoiBO-MAaNEi.     is  shown    In   Fig.   96,  thus  one 
wheel    being   caused    to    grip   or 
i  to  turn  It.     The  arrangenient  shown 
Ins  to  the  poor  magnetic 
ingement  la  shown  in 


press  against  another,  a 

is  of  very  limited   application,  and  < 

circuit,  is  far  from  efficient.     A  betti 

Fig.  97,  where  a  current  of  electricity  passed  througli  i 


rted  by  a  car  wheel  increases  its  traction  on  a  rail,    The  coll  la 

annular  and  lies  in  the  groove  around  the  wheel.     The  cnrrent 

3  by  brushes,  as  In  the  clutch  just  illustrated. 

^lultlpolar  n»gnets   are  shown  In  two  examples— Joule's  "i 

r,  98,  and  Roberts'.  Fig.  93.  eleclvo-masneW.    These,  in  the 

ghat  bOB  been  said,  explain  LliBoiBeVjee.    \u  ^«.^a 
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QBiial   letters  N  and   S  indicate  north   and  south   poles    and   the 
arrowh   indicate  the  direction  of  the  current 

Various  Armatures. — Cam  mechanism  due  to  Rohert  Houdin, 

the   famous   French   magician    la   shown    in   Fig    100      B   la   the 

electro  mapnpt  atlraclmg  its  armature  a      The  cam  A  acts  upon 

B.     By  \arjmg  the  shapes  of  the  faces  of  the  cams    all  ^orts  of 

results  m  the  motion  ol  the  distant  rod  tan  be  reached 

^B  The  armature  shown  in  Fig.   101 

^^b  Is  attracted  upward  from  the  posl- 

^^H  /^^.  *'*"'  ^^o™"  '"  '-^^  dotted  lines  when 

^^H       -^  tj        \\  the     magnet     is    excited.       It     also 

^^H  \^^         ^O^  presses  against  the  drum,  which  is 

^^M  X       g^^  part  of  the  core,  and   rotates  it  ao 

^^^  \ljijlKil'*  as   to   turn   the   gear   wheel   on   the 

^  /^ — ^■ItMla  further  end  of  the  shaft.     A  spiral 

spring  may  pull  upon  the  short  arm 

to   draw   the   armature   back      This 

I  ff         ^  operates    lihe   a    ratchet   and   pawl 


1 


mechanism,  as  It  only  operates  to  turn  upon  its  up-stroke. 

In  this  magnet  the  core  must  be  free  to  turn  in  the  coil.  In 
Fig.  102  is  shown  another  magnet  with  rotating  core.  A  la  the 
rotating  core,  turned  In  one  way  by  the  pull  upon  the  armature 
projecting  from  Its  lower  end.  The  arm  D  is  of  hrasa,  C  is  of 
iron.     The   core   B   is  fixed. 

Other  pivoted  armatures  are  shown  in  the  cute,  F\%s.  \'i'i  Mift. 
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The  Natural  Magnet  is  a  mineral  consisting  of  a  combination 
of  Iron  aad  oxygen,  wliose  corapoHltlon  Is  Indicated  by  the  chem- 
ical formula,  FejO,.  The  mineral  is  called  magnetite,  and  is  char- 
acterized by  being  attracted  by  the  magnet  just  as  Iron  is,  only 
not  so  powerfully.  Some  samples  of  magnetite  do  more  than 
this,  as  they  attract  Iron  themselves.  Such  are  natural  magnets, 
known  to  the  ancients  as  the  lodeKtone.  The  attractiveness  for 
Iron  is  localised  in  each  piece,  being  ai 


1 


points  These  points  act  upon  the  compass  needle,  each  repelling 
one  end  of  it  and  attracting  the  other  end.  If  the  mineral  were 
suspended  by  a  delicate  enough  piloting  or  suspension,  one  of  the 
attracting  points  on  it  would  seek  the  north  pole. 

The  Permanent  Magnet  is  a  piece  of  steel  which  lias  been 
chareed  with  magnetism  and  which  retains  it.  It  attracts  Iron, 
its  ends  doing  so  most  atronglj  tends  to  point  north  and  south, 
the  same  enrt  alwais  tending  to  the  same  pole;  and  thus  de- 
nilnes   what   are   generally  called   its   north   and   south   polaa. 

teUmea  they  are  called  the  notVli-BeftWiia  and  south-seehlng 
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^*- Action  ot  riagnet  Poles  od  Each  Other-— The  north  poles  of 
two  magneia  letui  to  re[)el  each  other,  and  the  south  poles  repe! 
each  other  exactly  the  same.  A  north  pole  of  one  magnet  a 
the  sotilh  pole  of  another.  Like  repels  like,  and  unlike  a 
unlike.  Magnets  reyel  each  other  Just  as  much  as  they  attract 
each   other.  . 

Making  Magnets  by  Single  Touch,— One  process  of  making  a 
magnet  is  shown  in  Fig.  105.  A  bar  of  steel  lying  on  a  table  la 
atrokeii  from  center  to  end  with  one  pole  of  a  permanent  magnet, 
the  arrow  showing  the  motion.  The  strokinj;  magnet  is  returned 
through  the  air  to  the  center  of  the  ateel  bar,  and  a  second  stroke 
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is  given.  This  la  repeated  a  number  of  times  and  then  the  same 
operation  is  gone  through  with  the  other  pole  of  the  magnet  on 
the  other  half  of  the  bar.  The  end  of  the  bar  stroked  with  the 
north  pole  of  the  magnet  will  be  a  south  pole  and  ii'F  terso 
aa  indicated  by  the  letters  N,  N  and  S,  S  in  the  cut  This  process 
is  called  single  touch.  The  stroking  maj  he  done  for  both  halves 
with  two  magnets  simultaneously,  as  described  above  for  one 
The  north  pole  of  one  masnet  and  the  south  pole  of  the  other  are 
brought  together  or  nearly  so  on  the  center  of  the  bar,  and  simul- 
taneously moved  out  along  it,  are  swept  back  to  the  center  through 
the  air.  and  the  stroking  Is  reaeated.  A  little  bit  of  wood  ma.^  . 
be  placed  across  the  cenler  of  the  bar  to  keep  ftie  maEO&\a  Itoia. 
taoobsng  each  other  at  the  beginning  ot  the  aWolte. 
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Making  flagnets  by  Double  Touch.— For  this  the  opposite  poles 
of  two  magnets  are  brought  close  together,  separated  by  a  slip 
of  wood  or  pasteboard,  the  magnets  being  inclined  at  an  angle  of 
over  90°  to  each  other,  like  a  V  with  very  wide  angle.  Fig.  106. 
The  apex  is  placed  on  the  center  of  the  bar,  and  is  moved  ten  to 
twenty  times  sjowly  back  and  forth  over  the  whole  length  of 
the  bar. 

In  both  single  and  double  touch  the  effect  "is  increased  by  rest- 
ing the  ends  of  the  bar  to  be  magnetized  upon  the  opposite  poles 


Fig.  100.— Cam  Mechanism  fob  Electro- Magnets. 

of  two  other  magnets.  The  poles  must  be  the  same  as  those 
of  the  magnet  with  which  the  stroking  of  the  end  in  question  is 
done. 

flaking  U-Shaped  Magnets.— This  type  of  magnet  is  universal- 
ly called  a  horseshoe  magnet.  A  bar  of  iron  of  this  shape  may 
be  magnetized  by  stroking  with  another  horseshoe  magnet,  from 
near  the  bend  to  the  ends,  or  from  ends  to  the  bend.     As  for 

straight  magnets,  the  magnet  must  be  relurned  through  the  air. 

4  pj'ece  of  iron  should  be  laid  across  \.\ve  exv^^  ^wt\w^  l\v^  ^^^^^^^. 

o   excellent   way  of   magnetizing  T3-a\vaped  \i^T^  v\^^e.  \^\  -^^W 

^ter  magnets  is  to  place  the  ends  oi  l\ve  A^^t  ^•g.^V^'^V  XX^^  V-^^ 
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poles  of  a  powerful  electro-magnet.  Bach  end  touches  its  own 
pole,  and  the  adherence  is  strong.  The  operative  now  rocks  it 
back  and  forth  a  number  of  times  as  it  adheres  to  the  electro- 
magnet, thus  slightly  jarring  it  and  causing  it  to  become  per- 
manently magnetized. 

Magnetizing  by  Coll  and  Electro- Magnet.— A  compactly-wound 
coil  of  wire  was  proposed  by  Elias  of  Haarlem  for  making  mag- 
nets. Through  such  a  coil  a  current  was  passed,  and  the  coil 
was  moved  from  end  to  end  of  the  bar  to  be  magnetized.  The 
coil  may  be  slid  thus  over  a  U-shaped  bar  while  its  ends  are  in 


Fig.  101.— Calombet's  Elegtro- 
Maonbtic  Pawl. 


Fig  102.— Waterhouse's 
Pivoted  Armatdhu. 


contact  with  a  powerful  electro-magnet.  A  successive  turning 
on  and  off  of  the  current  of  the  electro-magnet  is  used  sometimes. 
ADOther  suggestion,  was  lo  apply  the  steel  bars  while  red  hot  to 
the  poles  of  an  electro-magnet,  and  to  pour  cold  water  on  them 
while  there. 

Steel  for  Magnets. — Tungsten  steel  is  considered  the  best  ma- 
terial for  permanent  magnets.  Hopkinson  gives  the  analysis  of 
such  a  steel: 

Iron 95.371 

Carton    <^.V^\ 

Manganese ^.^"L^ 

Silicon ^.<^^:V 

Ptiospliorus    *  *  '  '  ^  j^«2*^ 

Tungsten    . , o^  ^^^ 
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Chrome  steel  containtng  D.6ST  carbon  and  1.195  chromium  and 
no  tungsten  also  gaye  Hopkinson  good  results. 

Preservation  of  Hagnets.^  Jar  ring  should  be  Bcrupulonaly 
avoided.  The  armature  of  a  magnet  should  not  be  allowed  to 
come  against  tlie  magnet  violently.  It  should  be  gently  put 
into  iilate.  Jerklsg  the  armature  ofl  does  no  harm  unlesB  a 
positive  jar  or  clicking  Is  produced,  A  horseshoe  magnet  should 
have  its  armature  in  place  when  It  \s  put  away,  and  bar  magnets 
should  be  in  j)airs.  wllb  poles  In  reverse  direction  and  connected 
by  short  bars  or  armatures. 

ETtamples  of  Permanent  nasnets  —A  compound  U-shaped 
magnet  Is  shown   in   Fig.   107.     The  body   la   made  of  thin  bars   ■ 


FlO.  IW.— SlKMHNH'a  PlTOTBD 

Abmaturs. 

supposed  to  be  magnetized  separately,  and  then  fastened  to- 
gether. An  iron  armature  a  with  a  hole  serves  to  show  Ha  lift- 
ing power.  Weights  are  attached  by  means  o£  the  hole.  The 
above  would  often  be  termed  a  horseshoe  magnet.  A  true  borae- 
Bhoe  magnet  Is  shown  in  Fig.  108.  There  the  poles  are  very 
close  together.  Snch  a  magnet  can  be  used  for  magnetization 
by  double  touch,  on  account  of  the  proximity  ol  the  poles. 
An  iron  bar  with  a  wheel  of  lead  or  brass  mounted  on 
center  and  placed  across  the  legs  of  a  magnet,  as  shown  in  Fig. 
109,  will  If  it  is  inclined  roll  down  the  magnet  around  the  poles 
and  up  the  under  side  of  it,  actuated  by  the  momentum  of  the 
litUe  Sywheel.  In. the,  next  cut,  Pig.  110,  little  bars  of  iron  with 
diBks  Bt  the  ends  are  placed  togetlier,  as  b.\,  K,  O-a  \iT\Ti^ji%  a 
:  above  them,  they  became  almWart^  ia8^iie\.\ie&,  «&&  » 


they  He  with  i 
pole,  tliey  are 


irth  pole  to  north   pole  and  south  pole 
Irlven   apart  by   mutual   repulsion,    indi 


Polarized    and   nagnetlzed.- 


ia  spoken  of, 


Fro.  IOS.-Makino  a  Maonet  by  Bibolb  Toocb. 
B  words  are  synonyms.    A  polarized  piece  of  ateel  Is  a  mag- 
netized one.    A  poiariiied  relay  in  telegra,phy  Is  one  whose  action 
depends  upon  a  permanently  magnetized  armature. 

Constancy    of    HagnetUth. — For    instruments    such    ae    volt' 
meters,  the  critical  thing  is  to  have  magnets  of  great  constancy- 


,  be  too  strongly  saturated,  as  such 
i  which  lose  readily  part  of  their 


To  secure  these,  they  must  n 
a  procedure  produces  magni 
strength. 

riutual  Action  of  Currents  —Two  parallel  conductors  through 
which    currents   are   passing  attract   each   other   )f   the  currents 
are  Bowing  in  the  same  direction.      If  one  current  is  Bq-n\q?,  \\i, 
one  direction  ami  the  other  current  in  the  reverae  4\Yes.l\Q^,  'Oa* 
amdactora  repel   each   other. 


soo 
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Ampcre'B  Theory  of  nognetlsm.— Baeed  on  the  above  facts 
and  on  the  conHtruction  of  the  electro-magnet,  the  celebrated 
Ampere's  theory  of  magnetism  has  been  formulated.  It  ac- 
counts  for  the  mutual  attraction  and  repulsion  of  magnets,  and 
for  their  tendency  to  place  themselves  in  the  magnetic  meridian 
and  to  have  one  end  seek  the  north  pole. 

A  current  of  electricity  is  assumed  to  circulate  around  each 
molecule  of  a  magnet.    The  cut,  Fig.  Ill,  shows  the  theory.    It 


will  be  seen  that  the  effect  Is  as  If  a  single  current  circulated 
around  the  outside  of  the  magnet.  The  parts  of  the  currents  ad- 
jacent to  each  other  in  the  interior  counteract  each  other,  and 
the  outside  currents  virtually  coalesce  into  one.  This  is  the  con- 
ception of  a  magnet  according  to  Ampere's  theory. 

It  will  be  seen  that  the  current  denoted  by  the  oijteide  ar- 
rows corresponds  to  the  current  through  the  windirjga  of  an 
electro-magnet  If  the  observer  faces  the  north  pole,  tjhe  Amper- 
«n  current,  as  St  is  called,  will  clrc\i\a\.e  \ti  i\TB<A.\o^  Mn>!i>^^  ^ 
B  motion  of  the  hands  of  a  watch.    U  ■««  lac^i  ^-lie  ii«rta^  Vi*. 
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the  current  will  .coincide  in  direction  with  the  motion  ot  the 
hands  of  a  watch. 

Memoria  Technics.— A  watch  indicates  seconds,  and  could  prop- 
erly have  the  letter  S  marked  upon  its  glass.  It  would  then  rep- 
resent the  south  pole  of  a  magnet.  Its  hands  In  their  motion  giv- 
ing the  direction  of  the  Amperean  currents.  The  watch  has 
been  used  before  to  fix  on  the  mind  the  relation  between  an  elec- 
tric current  and  Its  lines  of  force.  The  "S"  may  be  taken  as  the 
symbol  for  "seconds"  and  "south  pole." 

Taking  the  (ace  of  a  watch  as  indicating  the  south  pole  of  a 


magnet,  it  tells  us  how  the  lines  of  force  go.  As  the  watch  tells 
us  that  time  flies  from  us,  it  tells  us  that  at  the  south  pole  the 
lines' of  force  fly  from  us.  They  Issue  from  the  north  pole  and 
return  to  the  south  pole  through  the  outer  circuit. 

Ampere'9  Theory  ot  TerreBtrlal  Magnetbni.— A  magnet  points 
north  and  south,  approximately,  the  same  pole  always  pointing 
north.  By  Ampere's  theory  this  la  accounted  for  by  supposing 
the  earth  to  be  a  great  magnet,  and  to  be  encircled  by  cuirenta 
Oowlng  around  it,  approximately  parallel  to  the  equator. 

ir  currents  of  like  direction  attract  each  other,  then  if  placed 
at  an  angle  with  each  other  they  will  tend  to  coV^icV&ft  \q.  ftXtee.- 
t/on.     Currents  tend  to  become  parallel  wlrti  ea-Oi  oyciw,  «^^  ■"> 
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coincide  in  direction  also.  If  two  conductors  aje  free  to  rotate, 
and  currents  are  passed  througli  them,  ihey  will  tend  to  rotate 
like  a  compass  needle  until  parallel  with  one  another,  with  the 
current   flowing   in   tie   same   direction   in   each. 

The  theoretical  ampere  currents  of  the  earth  force  the  ampere 
currents  which  are  supposed  to  encircle  a  magnet  into  parallel- 
ism and  similar  direction,  and  thus  cause  the  compass  needle  to 
point  to  the  north. 

Attraction  and  RepulBlon  of  riagnetic  Poles.— In  Pig.  112  are 
shown  two  pairs  of  magnets.  One  pair  has  Its  north  pole  facing 
the  south  pole  of  its  neighbor.  The  arrowheads  indicate  the 
direction  of  the  Amperean  currents.    The  currents  in  both  poles 


s  of  like  direction  attract 
lagnet  S  N  and  the  south  pole 


each  other,  the  north  pole 

of  the  magnet  S,  N,  attract  each  other. 

This  refers  to  the  upper  pair.     In  the  lo 
has  been  turned  end  for  end.    The  Ampere 
opposite  in  direetioD,  and  the  north  poles  of  the  magnets  SN  and 
N,  S,  repel  each  other. 

It  the  south  poles  were  brought  together,  repulsion  would  also 
exist,  because  the  Amperean  currents  would  again  be  opposite  in 
direction. 
..  Action  of  a  Current   on  the  Hagnet.— A  compass  needle  In 

»_vieinity  of  an   electric  current  is  acted  on  by  it,  and  tends 

J  Heelf  at  right  angles  thereUi.    It  never  can  unless  the 

^fi  at  right  angles  to   the  mRgQetic  HtctVilMi,  '^'t  ftwi 
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tendency  la  present.  Thus  a  current  deflects  ei  compass  needle. 
It  the  compass  is  held  near  tbe  coaductor,  unless  the  conductor 
right  angles  to  the  magnetic  meridian,  or  Ilea  nearly  or 
qulie  east  and  west. 

Remembering  that  the  magnetic  needle  oC  the  compass  is  sup- 
posed to  have  Ampere  currents  circulating  around  It  la  planes  at 
right  angles  to  its  axis,  this  directive  tendency  of  the  compass 
needle  will  he  recognized  as  an  effort  of  the  Ampere  currenta  to 
place  themselves  In  .parallelism  with  the  current  in  the  conduc- 
:  If  held  aliove  the,  conductor,  the  needle  will  he  deflected  In 
■  direction;  If  held  below,  it  will  be  deflected  in  the  other. 
Ampere  has  devised  a  rule  for  remembering  the  ways  in  which  a 
magnetic   needle  will   be  acted  on   by  a   current   in   a  conductor 

Ampere's  Rule. — If  a  man  were  swimming  with  the  current 
in  the  conductor  and  had  his  face  turned  toward  the  magnetic 
needle,  its  north  pole  would  be  deflected  toward  his  left  hand. 
This  means  that  if  the  needle  was  above  the  conductor,  he  would 
have  to  be  on  his  back  to  face  the  needle;  if  it  was  below,  he 
Kould  have  to  be  on  Ms  face.  Hence  the  needle  will  turn  In 
!  ways  according  to  whether  it  is  above  or  below  the  eon- 
It  the  direction  of  the  Ampere  currents  be  formulated  in  the 
,  it  will  be  seen  that  the  above  deflection  of  the  magnete 
iply  brings  them  In  parallelism  with  and  coincident  In  direc- 
1  regards  their  nearest  portion  with  the  current  In  the 
.or. 

1  of  wire  traversed  by  a  current  represents  a  magnet.    In 

bbI  experimenting,  such  colls  called  solenoids  are  used  to 

rale  (he  Ampere  law.    They  will,  when  passing  a  current, 

lOin!   toward  the  magnetic  pole;   their  unlike  poles  will 

a  other;  and  they  will  act  exactly  as  magnets  do.     It  an 

r  of  iron  is  surrounded  by  a  conductor  carrying  a  cur- 

inpere's  law  will  be  enempllfled.  and  we  will  have  an  elec- 

■magnet  Is  a  bar  of  Iron  around  which  a  c 
Is  caused  to  flow,  so  as  to  represent  the  Ampere  ta«.& 

ot  the  permaoeat  magnet.     Ab  'we  c&n  mn^^J 


204 


ELECTRICIANS'  HANDY  BOOK, 


the  artificial  currents  very  strong,  and  give  them  as  many  turns 

around  the  iron  (called  a  core)  as  we  wish, 
an  electro-magnet  can  be  made  very  strong, 
many  times  stronger  than  th^  best  perma- 
nent magnet  of  equal  weight. 

Right-handed  Screw  Law.— The  relation 
of  north  and  south  pole  to  the  current 
circulating  around  a  magnet  core  is  ex- 
pressed by  the  right-handed  screw  law.  It 
is  to  this  effect: 

A  right-handed  screw,  such  as  a  corkscrew. 
Fig.  113,  placed  so  as  to  coincide  with  the 
axis  of  the  magnet  and  turned  in  the  di- 
rection of  the  current,  will  move  toward  the 
north  pole  of  the  magnet.  The  arrows 
and  polar  letters  N  and  S  in  the  cut  indicate 
the  relations.  This  is  merely  another  state- 
ment of  the  watch  law. 

Assuming  the  arrows  to  indicate  the  di- 
rection of  current  circulating  around  an 
iron  bar  S  N,  it  will  be  seen  that  if  the  end  N 
were  pointed  at  the  reader,  the  current  would  be  against  the 
motion  of  the  hands  of  a  watch.  The  end  pointing  thus  should 
be  and  is  the  north  pole.  If  the  corkscrew  were  turned  in  the 
reverse  direction,  its  motion  would  indicate  a  current  in  the  oppo- 
site direction  to  that  shown  by  the  arrows.  If  the  lower  end 
were  pointed  at  the  reader  as  before,  the  current  would  coincide 
in  direction  with  that  of  the  hands  of  a  clock  or  watch,  and  the 
pole  would  be  a  south  pole. 

Again,  imagine  a  corkscrew  pointed  at  the  face  and  turned. 
If  turned  right-handedly,  it  would  advance  if  the  screw  had  a 
grip  on  anything.  Its  direction  of  turning  would  give  the  polarity 
of  the  lines  of  force  due  to  a  current  moving  in  the  direction  of 
the  observer.  The  reverse  also  holds.  Both  these  statements 
express  the  watch-face  rule  for  lines  of  force  due  to  currents. 


Fig.  118.— Corkscrew 

ANAIiOGY  OF  THB 

Magnet. 


CHAPTER  X. 

INDUCTION. 

Electro-Magnetic  Induction. — If  an  electric  conductor  lies  in 
a  field  of  force,  it  may^e  in  the  vicinity  of  a  magnet  pole,  it  will 
be  unaffected  by  the  field,  as  far  as  any  electromotive  force  in 
it  is  concerned.  If  the  conductor  is  moved  so  as  to  cut  the  lines 
of  force,  or  if  the  magnet  is  moved  while  the  conductor  is  sta- 
tionary, which  brings  about  the  same  result  of  cutting  lines  of 
force,  electromotive  force  will  be  impressed  upon  it.  There  are 
many  variations  in  the  relations  of  conductors  and  fields  of  force 
which  have  the  effect  of  impressing  electromotive  force  upon 
such  conductors,  and  producing  currents  in  them  if  they  form  or 
are  part  of  a  closed  circuit.  In  general  terms  the  inductive  effects 
summarized  above  involve  attraction  or  repulsion  between  pole 
and  conductor. 

Threading,  Interlinking,  and  Cutting  Lines  of  Force.— There 
are  two  general  ways  of  taking  cognizance  of  the  action  of  a  field 
on  a  moving  conductor.  It  may  be  referred  to  cutting  of  lines 
of  force  by  the  conductor,  or  to  changing  the  number  of  lines 
of  force  which  pass  through  the  space  included  in  the  electric 
circuit.  The  latter  may  be  looked  upon  as  a  ring,  or  irregular 
circle-like  lead  of  wire.  The  passing  of  lines  of  force  through 
this  circle  of  wire  is  often  called  threading  or  interlinking  of 
lines  of  force.  The  latter  expression  is  correct  because  lines  of 
force  form  closed  circuits  of  their  own. 

Induction. — When  an  electric  conductor  forming  part  of  a  cir- 
cuit is  swept  through  a  field  of  force  an  electromotive  force  is 
impressed  upon  it.  If  the  ends  of  the  conductor  were  connected 
to  a  proper  instrument,  such  as  a  voltmeter,  the  electromotive  force 
would  affect  its  index,  and  it  would  be  evident  lYiai  ^\^eVco\xvQ\\N^ 
force  actually  existed.    The  cutting  of  lines  ot  tOTC^  \>7  ^.'g.  ^\^^VcVi. 
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conductor  represents  the  impressing  of  force  upon  or  transfer- 
ring of  force  to  the  conductor.  The  term  force  as  last  used 
applies  to  electromotive  force.  If  the  proper  conditions  are  estab- 
lished  the  electromotive  force  impressed  on  the  conductor  by  the 
field  of  force  will  produce  a  current.  If  these  conditions  do  not 
exist  no  current  will  be  produced.  Thus  there  are  two  varieties 
of  induction.  In  the  one  case  energy  in  the  form  of  volt-coulombs, 
or  other  electromotive  force-quantity  unit,  is  developed,  and  by 
the  law  of  the  conservation  of  energy  the  motion  of  the  conduc- 
tor through  the  field  of  force  is  resisted,  so  that  energy  has  to 
be  expended  upon  it  to  move  it  across  the  lines  of  force.  In  the 
other  case  no  current  is  produced  and  no  energy  is  required  to 
move  an  open-circuit  conductor  through  the  field. 


^m^ 


Fig.  114.— Ring  Moving  in  Field  of  Force 
Without  Cutting  Lines  op  Force. 

Conditions  for  Inducing  Electric  Energy.— The  conditions  for 
thus  producing  current  are  two.  The  conductor  must  form  part 
of  a  closed  circuit,  and  the  number  of  lines  of  force  passing 
through  the  loop  or  opening  of  the  circuit  must  vary  in  number; 
or  a  portion  of  the  circuit  must  cut  lines  of  force.  In  most  cases 
of  dynamo  generators  both  the  latter  conditions  exist  at  once. 
As  the  armature  conductors  cut  lines  of  force  they  vary  the  num- 
ber of  lines  of  force  interlinked  with  the  circuit. 

Examples  of  Interlinlcing. — Assume  a  uniform  field  of  force 
And  Jet  a  ring  of  conducting  material  be  moved  in  it.  The  cuts, 
^SB.  114  to  117,  Illustrate  several  cohClVUoii^.,  \Xi^  moUon  of  the 

''  beJnff  indicated  by  the  arrows. 
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•  In  the  case  illustrated  by  Fig.  114  the  ring  is  swept  through  the 
field  of  force  but  cuts  no  line  of  force  as  its  motion  is  parallel  to 
them.  ;  Therefore  no  electromotive  force  is  impressed  upon  it. 

>  In  jthe  case  shown  in  the  next  cut,  Fig.  115,  lines  of  force  are 
cut,  therefore  electromotive  force  is  impressed;  but  as  the  num- 
ber, of  lines  of  force  embraced  in  the  ring  is  unchanging,  no 
cijrrent  is  produced.     Each  half  of  the  ring  has  electromotive 

.  force  of  the  same  polarity  impressed  on  it  and  the  two  oppose 
each  other,  so  that  no  current  results.  In  Fig.  116  the  ring  is 
swung  around  so  that  it  not  only  cuts  lines  of  force,  but  the 

.  number  of  lines  embraced  by  it  is  constantly  varying,  hence 


Fig.  115.— Rtno  Moving  in  Field  op  Fobcb 

CuTTiNQ  LiNVs  OP  Force  Without 

Change  op  Interlinked  Lines. 


electromotive  force  and  current  both  result.  In  the  next  cut, 
Fig.  117,  the  ring  is  swept  in  a  straight  line  through  a  non- 
uniform field  of  force.  It  not  only  cuts  lines  of  force,  but  the 
number  passing  through  it  varies  constantly.  Electromotive 
force  and  current  both  are  produced.  In  the  first  two  cases  no 
power  is  expended  on  moving  the  ring  through  the  field;  in  the 
last  two  power  is  so  expended. 

Motionless  Conductor  In  a  Field  of  Force  of  Varying  Den- 
sity.— ^Where  a  ring  or  convolution  of  wire  or  other  conductor  Is 
placed  in  a  magnetic  field,  lines  of  force  will  pass  IIitovsl^Xs.  M> 
if  }ts  plane  of  position  is  at  an  angle  to  the  geTieT«\  ^Vc^Wwol  ^'t 
the  lines  of  force.    Lines  of  force  would  \)e  said  to  l^iT^a^  >Ca?ccsK^"^ 
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it,  but  would  have  no  effect  whatever  upon  it.    We  have  seen  that^ 
a  current  would  flow  through  it,  actuated  by  electromotive  force. 


-*r- 


T 


Fig.  116.— Ring  Moving  in  Uniform  Field  of  Fobos 
Under  Conditions  Producing  a  Current. 

If  the  wire  were  moved  so  as  to  vary  the  number  of  lines  of  force 
embraced  by  the  circuit.     Suppose  the  wire  or  conductor  to  be 


Fig.  117.— Ring  Moving  in  Field  of  Force 
Under  Conditions  Producing  a  Current. 

^ept  motionless  and  the  density  of  tlfve  field  ol  tote«  to  vary.  This 
oujd  cause  the  lines  of  force  embraced  \i7  \Xi^  <iVccv\\\.  \ft  ^«rj 
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^%)  number.    Electromotive  force  and  current  would  be  produced 
in  the  conductor  exactly  as  It  it  were  moved. 

Energy  Relations. — Energy  would  be  absorbed  whether  the 
field  of  force  was  Increased  or  diminished  in  densltj  under  the 
above  conditions.  The  presence  of  the  clobed  circuit  would  be  the  I 
cause  of  such  expenditure.  It  would  by  counter-electroipotlve  j 
force  resist  any  change  of  field  density  which  would  produce  | 
energy  in  its  conductor,  and  exact  the  txpenditure  of  additiona!  I 
energ}-.  i 

Fields  of  Force  In  Practice. — In  practical  engineering  fields     I 
of  force  are  produced  by  magnets,  which  are  generally  electro-     I 
magnets.     They  vary  in  the  number  of  their  poles,  but  follow     | 
pretty  closely  some  general  rules.    The  poles  are  nearly  always  of     ] 
even  number;   for  every  north  pole  thgre  Is  a  south  pole;   the     | 
north  and  south  poles  are  placed  in  alternation  with  each  other. 
Fields  of  force  may  be  moved  past  conductors  or  past  coils  form- 
ing parts  of  circuits;   or  the  conductors  and  colla  may  be  moved      i 
past  them;  or  the  relations  of  fleld  to  conductors  or  coils  may  be     ' 
kept  changing,  as  in  Inductor  generators.    In  all  such  cases  elec-     , 
tromotive  force  is  impressed  on  the  circuits.     The  conductors  or 
coils  which  are  thus  treated  form  part  of  armatures,  and  consti- 
tute the  active  portions  of  the  armature  windings.     The  effect  of      ] 
the  processes  is  to  cause  the  number  of  lines  of  force  interlinked      i 
with  the  circuit  to  vary,     A  variation  of  10*  lines  of  force  per     | 
second  produces  an  electromotive  force  of  one  volt. 

Direction  of  Current  Induced  by  Cutting  Lines  of  Force,— 
If  the  north  pole  of  a  horizontally  placed  magnet  face  the  ob- 
server the  lines  of  foice  will  come  out  of  it  toward  him,  will 
curve  around  and  pass  through  the  space  surrounding  the  pole 
away  from  it  to  the  south  pole.  If  a  perpendicular  conductor  la 
swept  from  left  to  right  across  the  north  pole  an  electromotive 
force  will  be  induced  in  it,  tending  to  produce  in  it  a  current 
from  above  downward.  Let  a  letter  N  be  marked  upon  the  pole. 
Rule  lines  upon  the  end  parallel  to  the  oblique  stroke  of  the  N. 
Cut  a  narrow  slit  in  a  card  and  holding  11  with  the  slit  vertical 
move  it  to  right  or  to  left.  The  lines  will  appear  through  the 
slit  like  a  series  of  dots,  and  will  appear  to  mo\e  md  ot  ficwixv — 
ap  tor  a  motion  to  ths  left,  down  for  a  motion  \a  ttve  v\^t.  t'Bft'vi 
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apparent  motions  indicate  the  direction  of  currents  induced  in  a 
vertical  conductor  moved  across  the  north  pole,  to  left  or  to  right. 
For  the  south  pole  the  directions  are  the  reverse. 

The  ciit,  Fig.  118,  illustrates  the  principle.  In  it  the  south  poles 
are  diagonally  shaded  in  the  opposite  sense  to  the  north  pole. 
The  same  process  of  using  a  slotted  card  will  show  the  direction 
of  currents  in  a  conductor  swept  across  them. 

In  the  cut  the  arrows  a  h  and  c  d  indicate  the  direction  of  cur- 
rent induced  by  mot;ion  in  the  direction  of  the  dotted  arrows. 
With  motion  in  the  other  direction  the  currents  would  have  the 
reverse  directions. 

Two  Systems  of  Induction. — Electro-magnetic  induction  can  be 
referred  to  two  causes.    One  cause  is  the  cutting  of  lines  of  force 


^ir •> 


d^-  — 


Fig.  118.— DiBBonoNS  op  Induced  Currknts. 


by  conductors.  This  generally,  as  far  as  effective,  has  the  result 
of  changing  the  number  of  lines  of  force  threading  the  circuit. 
The  other  way  is  to  directly  change  the  number  of  lines  of  force 
threading  the  circuit,  without  reference  to  cutting  them  by  con- 
ductors. 

The  first  cause  is  represented  by  the  conductors  on  a  drum 
armature,  one  of  which  is  indicated  in  diagram  in  Fig.  119;  the 
second  is  represented  by  a  type  of  generator  in  which  coils  whose 
planes  are  parallel  to  those  of  the  field  magnet  coils  are  swept 
past  the  poles,  Fig.  120.  In  the  first  case  the  electromotive  force 
is  at  a  maximum  for  any  conductor  when  it  is  directly  opposite 
the  pole;  in  the  second  case  it  is  at  a  maximum  when  the  arma- 
^re  coil  is  midway  between  two  poles. 
"Moemtor  Without  Motion,— We  are  acte\x^\,om^^  \-o  xXi\aJ«.  ^t 


a  djrnamo  or  electric  generator  as  a  machine  in  rapid  motion 
when  active,  and  inert  when  at  rest.  But  from  what  has  been 
Bald  it  follows  that  It  would  be  perfectly  practicable  to  have  a 


Fio.  119. 
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dynamo  without  any  moTing  part*  If  some  way  could  be  devised 
to  change  rapidly  the  intensity  ot  the  current  passing  through  its 
Held  A  close  analogue  to  such  a  dynamo  is  the  alternating 
current  transformer  In  it  is  a  field 
of  rapidly  varying  density  with  a 
conductor  placed  so  as  to  have  the 
lines  of  force  pass  through  It  The 
changes  In  number  of  lines  of  force 
passing  through  it  develop  pulses  of 
electromotive  force  so  that  an  alter 
nating   currei  t   la  produced 

Examples  of  Induction  —If  a  tele- 
graph   y,  Ire    or    trolley    wire    were 
carrvmg  a  steady  current  and  were 
t  swinging  bj    the  vflnd    it   would 
carry  with  it  its  Beld  of  force  which 
would  '^wing  back  and   forth  some- 
thing like  a  huge  cable     Theoretical 
!v  there  would  be  no  limit  to  Its  dl 
ameter,  but  Its  inteneer  field  would  ba  , 
within  a  limited  radius  from  the  conductor  as  aa  BiVa.  "^^iiS*  t^^ 
awJnging  back  and  forth  would  8W«ep  ItB  \inea  ot  lQtC.6  WIWW*  *KS 
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contiguous  conductor  an  1  If  the  ends  ol  the  latter  were  con 
nected  to  each  other  or  to  the  ground  would  i-aube  currents  o( 
brief  duration  to  flow  I  ack  and  forth  through  it  Thus  the  trol 
lej  wires  e\eri  awing  however  slight  producps  some  current 
through  the  rails  below  it 

The  varying  currente  in  a  telegraph  wire  as  Morse  signals  are 
sent  through  it  mak"  ^a^ylng  fields  of  foiLe  and  bet  up  pulses  of 
electromotive  force  with  consetiutnt  currents  In  contiguous  con 
ductors  The  mterlerence  of  telegraph  signals  with  telephone 
circuits  IS  a.  lerj  familiar  instance 
Telephone  Receiver  a  Dynamo  — The  tplephone  receiver  can  be 
ised  as  a  transmitter  and  originally  was  used  ab  snch  The 
minute  vibrations  ot  the  tl  in  platt  which  is  supported  close  to 
the  pole  of  a  permanent  magnet  make  the  lines  of  force  move 
abojt  a  iittle  bo  that  the  coil  of  wire  sunounding  the  end  of  the 
magnet  is  cut  by  varying  numbers  of  lines  of  force  These  varia 
tions  in  luce  electromotive  force  and  currents  which  reproduce 
in  a  distant  telephone  receher  the  sounds  ot  the  voice  The 
telephone  receiver  used  thus  is  really  a  dynamo  In  actual  tele- 
phone practice  the  microphone  is  used  as  a  transmitter  and  mduc 
tion  does  not  plav  anj   direct  part  in  it's  functmns 

Laws  of  Induction  —There  are  several  lawb  affecting  electro 
magnetic  induction  which  may  be  given  here. 

Faraday's  Law  Is  based  on  hla  discoveries  in  the  induction  of 
currents  by  the  cutting  of  lines  of  force.  It  is  given  In  the  follow- 
ing words: 

"When  a  conductor  is  moved  in  a  magnetic  field  so  as  to  cut 
the  lines  of  force,  there  is  an  electromotive  force  impressed  on 
the  conductor,  In  a  direction  at  right  angles  to  the  direction  of 
the  motion,  and  at  right  angles  also  to  the  direction  of  the  lines 
of  force." 

Fleming's  Rule   for  remembering  this  law  and  the  connection 
between  the  three  factors  motion,  magnetism,  and  induced  elec- 
tromotive force  is  this:      Hold  the  thumb  and  first  finger  of  the 
fight  hand  at  right  angles  to  each  other.     Let  the  forefinger  rep- 
went  the  lines  of  force  and  point  in  their  direction.     Then  the 
'tf   will  represent   the   north   pole   of   a   magnet.      The   thumb 
represent  the  direction  oC  movement  ot  a  eoQiMfitw.    "Vti* 
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latter  is  represented  by  the  middle  finger  pointing  at  right  angli 
to  the  other  two.     Then  moving  the  conductor  in  the  direction  of 
the  thumb,  an  electromotive  force  In  the  direction  in  which  the 
finger  points  will  be  Impressed  upon   it. 

The  words  "current  induced"  may  be  substituted  for  "electro- 
motive force  impressed."  When  direction  is  attributed  to  electro- 
motive force  it  refers  to  the  direction  of  current  which  such  elec- 
tromotive force  would  produce. 

The  cut,  Fig.  121.  shows  the  relations  of  the  three  factors  as 
described. 

Ampere's  Rule  Adapted  to  Induction. — Suppose  a  man  swim- 
ming along  a  conductor  with  ^ 
his  back  to  the  north  pole  of  a 
magnet  whence  lines  of  force  Is- 
sue. Then  if  he  and  the  conduc- 
tor together  be  moved  toward  his 
right  hand,  the  Induced  current 
will  flow  in  the  direction  in  which 
he  is  swimming. 

When  the  movement  is  not  at 
right  angles  to  Ilie  lines  of  forca 
a  certain  proportion  of  the  move- 
ment can  be  found  which  will  be 
at  right  angles  and  this  represents 
the  effective  portion  of  the  movement.  The  object  of  the  adop- 
tion of  the  idea  of  perpendicular  movement  is  for  the  sake  of 
simplicity. 

Clerk  riaxwell's  Rule.— If  a  magnet  is  in  the  presence  of  an 
active  circuit,  which  therefore  produces  a  field  of  force,  each  por- 
tion of  the  circuit  acts  upon  the  magnet  in  such  a  direction  as 
would  cause  the  magnet,  were  it  free  to  move,  to  take  up  the  posi- 
tion In  which  the  greatest  possible  number  of  its  lines  of  force 
would  fae  embraced  by  the  circuit. 

Lenz's  Law  is  a  most  convenient  statement  of  the  relations  he- 

.   tween   the   motions  of  magnetic   poles   and  currents   induced  by 

their   lines  of   force.     While  such   relations   can  he   worked   out 

trom  a  lower  liasis,  the  summarization  kaotin  aa\javfi«.\'a."'i  -^^i 

60  louad  an  admirable  tool  to  isork  \)lth.    \\.  \a  fl,\\-«i'i«oKv*>-  ^ 
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understand  that  it  is  in  strict  accord  with  Ampere's  law.  It  is 
generalized  by  Daniell,  author  of  "Daniell's  Physics,"  thus:  "When- 
ever a  closed  circuit  capable  of  bearing  an  electric  current  lies 
wholly  or  in  part  in  a  magnetic  or  electro-magnetic  field  of  force, 
any  disturbance  in  the  intensity  of  the  field  of  force  will  induce 
a  current  in  the  circuit;  and  the  direction  of  the  induced  current 
is  determined  by  the  rule  that  the  new  current  will  increase  the 
already  existing  resistances  (not  electrical  but  mechanical  resist- 
ance), or  develop  new  resistance  to  that  disturbance  of  the  field 
which  is  the  cause  of  induction." 

The  law  is  more  briefly  expressed  thus:  When  a  conductor  is 
moving  in  a  magnetic  field  a  current  is  induced  in  the  conductor 
in  such  a  direction  as  by  its  mechanical  action  to  oppose  the 
motion. 

It  is  also  divided  into  two  divisions,  one  for  a  generator  read- 
ing thus:  The  induced  current  is  always  such  that  by  virtue  of 
its  electro-magnetic  effect  it  tends  to  stop  the  motion  that  gen- 
erated it. 

In  accordance  with  this  statement  a  dynamo  requires  more 
energy  to  be  expended  on  it  when  it  is  generating  current  than 
when  idle,  because  the  passage  of  the  current  increases  all  elec- . 
tro-magnetic  effects  and   also  the  Lenz   effect  of  resistance   to 
motion  generating  the  effects. 

For  motors  the  converse  division  of  the  law  is  put  thus:  The 
motion  produced  in  a  motor  by  the  passage  of  an  electric  current 
Is  always  such  that  by  virtue  of  the  electro-magnetic  inductions 
wblch  it  sets  up  it  tends  to  stop  the  current. 

This  division  covers  the  case  of  counter  electromotive  force. 

examples  of  the  Application  of  Lenz's  Law. — Synchronous 
alternating-current  motors  are  addicted  to  varying  in  speed,  going 
at  one  instant  faster  than  the  generator  and  at  the  next  instant 
going  slower.  This  action,  disastrous  to  all  regularity,  is  some- 
times called  hunting.  It  is  checked  by  inserting  coils  of  wire  or 
other  conductors  in  the  field  magnet  pole  faces.  Currents  are 
Induced  in  these  by  change  of  velocity  of  the  rotations.  By  • 
T^eoz's  'law  such  induced  currents  tend  to  stop  the  objectionable 
tnting  motion  which  produced  them. 
direct-current  motor  not  doing  anyt^ciViig  wi^  T\«i\iV[i^  ^VOcl- 
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out  any  mechanical  resistance  ought,  it  would  seem,  to  run  at  an 
indefinite  and  almost  unlimited  speed.  As  the  motor  turns  it  in- 
duces electro-magnetic  effects,  which  are  greater  the  faster  If  re- 
volves. By  Lenz's  law  these  effects  are  such  as  to  oppose  its  mo- 
tion. As  they  increase  with  its  speed,  opposition  to  its  motion 
increases  with  its  speed.  It  cannot,  therefore,  exceed  a  certain 
rate. 

This  is  another  way  of  stating  the  action  of  counter  electro- 
motive force  upon  a  motor. 

Complaint  is  sometimes  made  that  electric  cars  go  too  fast  in 
cities.  Their  speed  could  be  easily  limited  by  constructing  their 
motors  so  as  to  have  any  desired  limit  of  velocity  of  rotation. 

Two  conductors  carrying  current  in  the  same  direction  attract 
each  other;  in  opposite  directions,  repel  each  other.  If  one  wire 
is  carrying  no  current  but  has  its  ends  connected  and  the  current 
through  the  other  is  increased,  an  opposite  current  will  be  in- 
duced in  the  second  wire.  The  wires  repel  each  other  when  cur- 
rent is  induced,  and  in  the  opposite  case,  when  induction  is  dimin- 
ished, attract  each  other.  Lenz's  law  fails  to  touch  this  case  be- 
cause there  is  no  mechanical  motion.  But  let  a  steady  current 
pass  through  one  wire  and  let  the  other  closed  circuit,  which 
includes  the  second  wire,  be  moved  closer  to  it,  and  the  current 
induced  will  resist  the  motion.  It  will  be  a  current  in  the  oppo- 
site direction.  If  separated  the  induction  will  resist  the  separa- 
tion, and  the  currents  will  be  similar  in  direction. 

Lenz's  law  is  best  taken  with  its  due  limitations — that  it  only 
applies  to  the  relations  of  electro-magnetic  induction  to  mechani- 
cal motion  causing  it  or  produced  by  it.  It  is  not  a  good  practice 
to  try  to- stretch  it  to  cover  induction  where  there  is  no  mechani- 
cal motion. 

Foucault   or   Eddy  Currents. — If  a  conductor  should  be  so 
moved  in  a  field  of  force  that  the  number  of  lines  of  force  pass 
ing  through  it  at  an  angle  with  its  direction  of  motion  vary,  ; 
current  will   be  produced   within   it.     This   current  will   circl 
around  in  its  mass,  will  absorb  energy  and  expend  it  in  heatini 
the  metal.    Such  currents  are  called  Foucault  or  eddy  currenta. 
A  set  of  infinitely  thin  conductors  with  ends  \niCQiT«vfe^V^^  tc\ss^^ 
through  a  field,  if  insulated  from  eacli  otlieT,  ^o\\\^  t«3^Vc^  ^ 
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expenditure  of  no  energy,  on  the  assumption  that  being  of  infinite 
thinness,  no  electric  circuit  can  exist  in  them.  If  their  ends  were 
cqi^nected  by  a  conductor  under  the  jonditions  already  specified 
as  to  variation  in  density  of  field,  then  a  current  would  fiow  and 
energy  would  be  absorbed.  If  a  heavy  solid  conductor  were  sub- 
stituted for  the  infinitely  thin  ones,  while  local  currents  would 
be  established  in  it,  there  would  be  no  through  current  all  in 
one  direction  caused  to  pervade  it.  If  its  ends  were  connected 
by  a  conductor  such  a  through  current  would  be  established.  The 
local  currents  in  the  mass  of  the  conductor  are  Foucault  or  eddy 
currents. 

Variations   in  Impressed  Electromotive  Force. — ^The  conduc- 
tor which  cuts  the  lines  of  force  forms  part  of  a  circuit,  and  in 


Fig.  122.— CiiOSED  Loop  in  a  Bipolar  Fibld. 

cutting  the  lines  of  force  either  increases  or  diminishes  the  lines 

of  force  threading  or  interlinked  wifli  the  circuit.    The  conductor 

indicated  in  the  diagram,  Fig.  118,  starting  at  the  left  of  the 

pole,  cuts  lines  at  a  comparatively  slow  rate.    This  is  because  the 

lines  are  not  so  densely  placed  as  directly  opposite  the  pole. 

Hence  a  relatively  small  electromotive  force  is  impressed  upon 

it  at  the  distant  point.    It  cuts  more  and  more  lines  of  force  in  a 

second  as  it  approaches  the  pole,  thereby  changing  the  number 

of  interlinked  lines  with  greater  and  greater  rapidity,  so  that  the 

'ectromotive  force,  and  consequently  the  current,  is  strongest 

en  the  conductor  is  opposite  the  pole.     It  then,  for  like  rea- 

dlminishes  as  the  conductor  recedes  to  one  side  of  the  pole 

motion.    Such  a  conductor  is  sYiown  in  ^'V^.  VIX  ^^^^^^^^^ 
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from  a  preceding  page.  There  Is  another  case  the  opposite  of  this. 
The  conductor  described  is  a  part  of  a  circuit  the  plane  of  whose 
moving  portion  is  in  line  with  the  asia  of  the  magnet  when  the 
armature  conductor  is  opposite  the  center  of  the  pole.  Suppose 
the  current  is  to  be  induced  in  a  flat  coil  swept  across  the  pole, 
and  that  the  coll  is  perpendicular  to  the  magnet  axis  when  the 
coil  faces  the  pole.     Such  coils  are  shown  in  Fig,  120. 

Such  a,  coll  will  be  inlerlinlted  with  the  greatest  number  of 
lines  of  force  when  opposite  the  pole,  but  itg  change  rale  will  at 
that  point  be  the  lowest.  The  current  induced  by  the  impressed 
electromotive  force  will  be  least  at  this  point. 

This  condition  obtains  in  many  a) terna ting-current  generators. 
The  maximum  electromotive  force  is  induced  when  the  armature 
coila  are  midway  between  two  poles;  the  electromotive  force  is 
zero  when  the  coils  are  opposite  the  poles  and  in  the  densest 
field. 

Mrectlon  of  Current  Induced  in  Colls.— T)ie  direction  of  the 
current  Induced  in  a  coll  is  determined  by  Lenz's  law.  If  It  ap- 
proaches a  north  polo  the  currents  induced  will  oppose  Its  ap- 
proach; they  will  therefore  be  the  reverse  of  the  Amperean  cur- 
rents or  of  the  currents  in  the  magnetic  coils.  As  the  coil  recedes 
the  currents  will  reverse  also  by  L*nz's  law  so  as  to  oppose  the 
motion,  and  will  coincide  in  direction  with  those  of  the  magnet 

Fig.  120  and  several  other  cuts  illustrate  the  principle.  The 
poles  of  a  magnetic  field  are  shown  facing  the  observer;  the  direc- 
tion of  the  Induced  currents  is  shown  by  the  curved  arrows.  The 
coil  in  which  current  is  being  Induced  Is  moving  in  the  direction 
Indicated  by  the  arrow.  Arrowheads  are  marked  on  the  coils  to 
show  the  direction  of  the  currents  Induced.  When  directly  oppo- 
site the  pole  there  will  he  no  change  in  the  number  of  lines  of 
force  passing  through  the  colls,  and  no  currents  will  be  Induced 
fn  them. 
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CHAPTER  XI. 

DIRECT-CURRENT  GENERATORS  ANlDf  MOTORS. 

Dynamo  -  Electric  Generators.— Electric  energy  is  now  almost 
universally  produced  on  the  large  scale  by  dynamo-generators 
including  the  following  parts: 

A  strong  magnetic  field  or  fields  are  produced  by  one  or  more 
electro-magnets.  The  magnetic  circuits  include  the  core  of  the 
electro-magnets  and  a  mass  of  iron  between  or  near  their  poles 
which  constitutes  the  armature  core.  Coils  of  insulated  copper 
wire  are  wound  upon  the  armature  cores.  By  mechanically 
changing  the  relations  of  armature  windings  and  fields  of  force 
electromotive  force  is.  impressed  upon  the  circuit  and  a  current 
results.  The  product  of  electromotive  tome  and  current  is  elec- 
tric power.  Mechanical  energy  is  required  to  operate  the  mechan- 
ism for  changing  field  and  armature  coil  relations.  This  energy 
is  absorbed  by  the  machine,  and  electric  energy  is  produced  in 
its  stead. 

The  easiest  way  to  understand  the  dynamo,  as  it  is  often 
termed,  is  to  follow  up  the  construction  from  the  simpler  to  the 
more  complicated  types. 

Interchangeability  of  Dynamo  and  Motor. — ^The  interchange- 
ability  of  dynamo  and  motor  stands  as  the  subject  of  one  of  the 
greatest  discoveries  in  electric  engineering.  Electric  motors  had 
been  constructed  for  many  years  before  it  was  definitely  decided 
that  the  same  machine  could  receive  electric  energy  and  convert 
it  into  mechanical  energy,  thereby  constituting  itself  a  motor, 
or  could  be  operated  by  a  steam  engine,  water  turbine,  or  other 
prime  motor,  receive  mechanical  energy,  and  convert  it  into  elec- 
tric energy.  It  then  is  a  generator  or  dynamo. 
■As  dynamos  are  calculated  to  give  a  definite  electromotive 
force  and  current,  and  as  motors  are  ca\CM\ale^  \-o  «Xi«»OT\i  ^  ^^^xvlte 
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electromotive  forcfi  and  current,  the  talculationa  for  motor  and 
dynamo  are  on  tha  same  lines. 

Varieties  ot  Dynamos.— There  are  two  grand  divisions  of  dy- 
namos; one  ia  for  the  production  o£  the  direct  current,  which  is  a. 
current  of  unclianging  direction;  tlie  other  ia  for  the  production 
of  the  alternating  current,  which  is  a  current  reversing  its  direc- 
tion periodically,  in  practice  from  twenty  times  upward  a  second. 

Although  a  current  which  changes  In  direction  may  be  consid- 
ered as  an.  aggregation  ot  different  currents  ot  opposite  direction, 
this  aggregation  is  always  called  an  alternating  current,  and  ia        i 
treated  as  a  variety  of  single  current.  '  J 

The  principal  constituent  parts  of  a  dynamo  are  the  field,  con-  l 
aisting  of  core  and  winding;  the  armature,  consisting  also  of  core  I 
and  windings;  the  collecting  rings  or  commutator  and  brushes,  ] 
The  field  and  armature  vary  in  construction,  their  windings  vary  ] 
in  system,  and  from  these  variations  many  varieties  of  dynamos 

Elementxry    Idea  of   an    Alternating-Current   Dynamo. — As-       '' 

Hume  a  bipolar  (two-pole)  field  which  in  the  cut,  Fig.  122,  is  indl-       j 
cated  by  two  magnet  polea  facing  each  other  and  marked  N  and 
S.      Let   a  simple   rectangle  of   wire  such   as   shown  be   rotated       / 
about  an  axis,  a  b,  in  such  a  field.     As  one  side  sweeps  across 
the  north  pole  the  other  sweeps  across  the  soiilU  pole,  and  electro-       i 
motive  ioKce  of  opposite  polarity  is  impressed  on  the  two  sides  of 
the  rectangle,  so  that  a  current  is  produced  through  it.     This 
cnrrent.  Is  strongest  when  the  cutting  conductors  are  passing  the 
poles,  sinks  to  zero  or  nothing  when  the  plane  of  the  rectangle 
is  at   right  angles  to  the  lines  of  force  extending  from   pole  to 
pole,  and  reverses  In  direction  as  this  point  ia  passed.     During 
half  the  revolution  the  current  flows   in  one  direction,  and  dur- 
ing the  other  half  in  the  other.    This  constitutes  a  dynamo. 

Collecting  or  Slip  Rings.— In  this  dynamo  the  current  is  con- 
fined to  the  rectangle,  which  is  supposed  to  be  a  continuous  con- 
ductor insulated  from  the  axle.  Suppose  it  to  be  cut  at  one  end 
at  the  axle,  and  let  the  ends  be  connected  each  to  its  own  ring 
fastened  around  the  axle  and  insulated  from  It.  The  rings  are 
also  to  be  insulated  from  each  other.  It  the  tecSjB.-Q.^%  S&  \'a\s&.'sft., 
aleetromotive  force  ot  alternating   polai\t7   "WWV  \W  \ta^'ft^sA 
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upon  It,  but  as  it  is  an  open  circuit,  no  current  will  he  produced. 
Let  a  spring  bear  against  eacU  ring,  and  let  a  wire  ot  greater 
or  less  length  connect  tlie  springs.  Tbe  circuit  Is  thus  closed, 
and  currents  flrat  In  one  direction  and  then  In  the  other  flow 
through  the  whirling  couductora  and  the  wire.     The  rings  are 


1 


ehown  In 


Bruahes.— The  sprlngB  which  bear  upon  the  collecting  rings  or 
s  are  called  brushes     Often  Instead  of  springs,  blochs 
of    carbon,    pressed    by 


springs,  are  used.  The 
brushes  must  be  insul- 
ated from  the  frame  of 
the  inachinp. 
Elementary  Idea  of 
a  Direct-Current  Dy- 
namo.— In  the  next 
cut  Fig  124,  the  rec- 
ta ngip  is  shown  with 
Its  ends  connected  to 
segments  of  rlnga.  each  one  as  nearly  as  possible  180"  or  a  , 
hall  circumferpnce  in  e\tent  They  aie  insulated  from  each 
^/Jier  and  ]nt,ula.teil  from  the  shatt  and  aUnr'aei  lo  \t.  SprlngB 
^^QPPoBlte  sides  press  against  tbeto.  To-e  Besm.«6.'k.'&  c.otis&'otSsi 
■nutator,  -whose  section  is  shown  Va  Yig.  V'i^.  \*.^. 'Ocxe. -wfi 
D  Fig.  124  with  ita  two-part  commuiatw  "oe  ^^i^-*.'^'*  ''^-^ 
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two-pole  field.  Let  the  springs  which  are  insulated  from  each, 
other  ba  connected  hy  a  wire.  As  the  rectangle  passes  the  points 
where  no  current  is  generated,  the  springs  pass  from  one  com- 
mutator division  to  the  other.  As  current  goes  in  one  direc- 
tion tlirough.  tile  rectangle,  It  is  delivered  to  springs  In  one 
sense.  As  the  current  reverses  In  the  rectangle,  it  is  delivered  to 
the  springs  In  the  other  sense,  hecause  as  the  current  changes, 
the  springs  change  their  contacts  with  the  commutator  segments. 
Hence  the  wire, connecting  the  springs  receives  currents  varying 
from  zero  Intensity  up  to  a  maximum,  but  always  in  the  same 
direction. 

Increasing  the  Electromotive  Force  by  Increasing  the  Tunu, 
— The  electromotive  force  is  proportional  to  the  lines  of  force 
cut  per  second  by  the  whirling  conductora.     It  may  be  increased 


i 


FlO.  lS&^~Stat  FlO.  128,— DODBLB  BaOTANOLI 

VlBW      OS    Two.  OOHHKOTED  TOTWO-PiRT 
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by  increasing  the  turns  in  the  rectangle.     In  Fig.  126  they  are 
shown  doubled   (the  dotted  line  is  the  axis  of  rotation)   and  they         I 
may  be  Increased  any  number  of  times.    The  turns  are  insulated 
from  each  other  and  are  continuous.    Doubling  the  turns  doubles 
the  electromotive  force,  and  so  on. 

lacreastag  the  Electromotive  Force  by  Adding  an  Armature 
Core.^The  field  may  he  made  denser  by  filling  the  space  between 
the  poles  as  completely  as  possible  with  a  mass  of  iron.  This  Is 
done  by  providing  a  cylindrical  iron  core,  which  almost  fills  the 
gap  between  them,  and  winding  the  wires  on  that.  The  denser 
field  giving  more  Jines  of  force,  It  follows  thai  mote  Wtie'a  at 
Arrce  are  cut  per  second,  and  that  a  higher  \o\lase  Tes.\i\\.ft. 
Armature  aad  Core.— The  Iron  cylincier  -wit-^i  ttie  -wV^a  'S^oA" 
S«SB  constitutes  aa  amature.     The  iron   cyUnieT   «.VQ^^  V*  «^* 
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armature  core.     The  wires  are  the  windings  of  the  armature. 
Each  convolution  ot  the  wire  1b  called  a.  turn. 

Reld  Poles, — The  early  magnetoa.  dynamos,  and  motors  were 
based  on  the  horseshoe  or  U-ahaped  magnet  as  a  producer  ot  the 
field  of  force.  Where  a  Blngle  magnet  was  used,  this  conatltated 
a  two-pole  or  bipolar  construction. 

Recent  practice  favors  the  use  of  more  than  two  field  poles,  orol 
multi-polar  dynamos.  In  these  as  a  rule  each  pair  of  poles  in- 
duces two  parallel  currents,  and  in  typical  winding  there  Is  a 
brush  tor  each  pole,  and  the  brushes  are  spaced  at  equal  aneleB 
around  the  commutator. 

As  a  general  rule,  the  number  of  poles  is  even;  there  are  aa 
many  north  poles  as  there  are  south 
poles.  The  poles  alternate  with  each 
other,  a  north  pole  coming  neit  to 
a  south  pole.  Fig.  127  shows  a  sec- 
tion of  a  four-pole  field  with  arma- 
ture core,  the  lines  of  force  being  in- 
dicated by  arrows. 

Dynamos  and  motors  can  there- 
fore be  crassifled  from  their  number 
of  field  poles  as  bipolar,  four-pole, 
six-pole  dynamos.    Two  general  dl- 
viaiona    are    bipolar    dynamos    and 
multipolar   dynamos,   the   latter  In- 
cluding all  except  bipolar  ones. 
Open-Coil  Armatures.— The  ele- 
mentary armatures  described  up  to  this  are  open-coll  armatnren. 
They    may    have    any    number    of    coils    and    any    number    of 
turns  in  each  coil.       Open-coll  armatures  are  uaed  in  practice 
principally  on  the  Brush  and  Thomson-Houston  dynamos.  In  themi 
they  are  greatly  developed  from  anything  ahown  here.     Tbey  a 
used  in  great  number  on  testing  and  signaling  magnetos.     T 
name  open  coil  is  given  to  them  because  no  closed  circuit  eaiJ 
exist  in  their  windings;  the  outer  circuit  has  to  be  connected  tf 
the  brushes  to  give  a  closed  circuit. 
^r/atffa  or  H  Armature.— The  spindle  or  R  armature  had  ii 
•rfr  da^  a  conslder&blG  vogue.    It  la  twj'w  ietoV^Ai  «J«ti&.^j^^ 


Fia.   137.— HTTLTIPOI.AR    Field 
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in  favor  oC  better  con  struct  Ion  b,  except  for  very  minor  uaea.  It 
is  a  eingle-dlvlslon  drum  armature.  The  contour  oC  the  core  is 
that  of  a  cylinder  with  two  groovea  running  lengthwise  of  its 
acrface  and  diametrically  opposite  to  each  other.  The  cross  sec- 
tion, of  such  an  armature  represents  a  sort  of  letter  H,  whence 
one  of  ita  names  was  deriveii.  It  wajs  a  very  diatinctive  armature 
with  Werner  Siemens  In  hia  early  machines.  It  had  a  two-bar 
commutator  and  was  an  open  coil.  ^ 

It  was  a  poor  form,  aa  It  had  low  permeance  and  inevitably 
gave  a  highly  pulsatory  current,  aa  it  only  admitted  of  two  di- 
visions In  tbe  commutator.    The  cut.  Fig.  128,  shows  this  arma- 

Closed-Coll  Dlrect-Cnrrent  Armature. — This  le  a  type  whose 
windings  are  so  connected  as  to  form  a  closed  circuit.  This  is 
Irrespective  of  the  hrushea.  The  great  majority  of  machlnea  have 
this  type  of  armature. 


FlQ.  128.— SlEMSSS'B  BPIHDI.K  OB  H  ARUATtJBB. 

The  characteristic  current  distribution  in  a  cloaed-coll  direct- 
current  armature  involvea  parallel  currents  in  its  windings. 
In  a  two-pole  dynamo  the  current  in  one  half  of  the  windings 
1b  parallel  to  that  In  the  other.  In  a  four-pole  dynamo  there  ars 
tour  dlviaions,  each  with  its  own  current  in  parallel  with  that 
[n  the  next  diviaion.  The  same  principle  applies  to  any  num' 
ber  of  poles.  The  collecting  brushes  are  In  typical  conatructlonB 
equal  In  number  to  the  poles. 

While  the  above  is  true  for  most  dynamos,  the  wlndinj{a  of 
the  armature  can  be  greatly  modified,  so  as  to  bring  about  rtlftor- 
snt  current  distributions.  The  above  are  charactorlflllc,  and 
represent  the  usual  practice.  I 

It  follows  that  the  currents  In  a  closed-coll  fllvert-ciitTWvV  «,rcMf     | 
mv  never  go  through  the  w/ndlng  conaecuUfels.    TV»  \wvv*V««. 
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are  placed  on  the  tommutator  nt  lioiuls  where  parallel  currents 
meet.  When  the  outer  circuit  Is  open,  the  electro-motive  torcea 
induced  meet  at  these  points  and  neutralize  each  other,  ao  that 
no  current  is  Induced  in  the  windings,  although  tliey  are  in  closed 

Cutting  Lines  of  Force  Without  Change  In  Number  of  Inter- 
linking; Lines  tun  also  produce  a  purrent.  The  circular  con- 
ductors which  have  just  been  illustrated  as  having  no  current 
produced  in  them,  although  they  cut  llneK  of  fores,  have  electro- 
motive force  impressed  upon  them.  But  the  electromotive  forco 
can  he  located  in  halves  of  the  Ting  separated  by  a  diameter.  In 
a  general  way  perpendicular  to  their  direction  of  motion.  The 
electromotive  force  in  one  half  ia  oC  similar  polarity  to  that  In 
the  other  half,  so  that  they  oppose  each  other  and  no  current  IB 
produced.  Electromotive  force  cannot  exist  without  the  possibility 
of  a  current  being  produced  by  it.  A  current  by  some  mechanical 
arrangement  could  be  taken  from  the  extremities  of  the  diameter 
of  the  ring  without  any  change  in  number  of  interlinking  lines  of 
force.  A  machine  in  which  this  is  done  Is  called  a  homopolar,  uni- 
polar, or  acyclic  generator,  and  is  described  very  briefly  else- 
where. It  baa  not  gone  into  very  extensive  use,  although  it 
probably  has  a  future. 

The  ordinary  generator  produces  its  effects  by  ao  cutting  linee 
of  force  tiiat  the  number  interlinking  the  circuit  changea  as  they 
are  cut  by  the  conductor.  Without  such  change  no  current  would 
be  produced  in  ordinary  machines.  The  point  1.';  mentioned  here 
to  fix  the  fact  that  the  cutting  of  linea  of  force  is  what  pro- 
duces electromotive  force,  and  that  the  variation  in  number  oC 
interlinking  lines  ia  aomething  which  happens  in  ordinary  gen- 
erators when  the  lines  of  force  are  cut.  In  homopolar  dynamos 
the  above  variation  does  not  occur.  The  cause  of  impressment 
of  electromotive   force   ia   the   cutting  of  lines  of  force,   not  the 

Lrlation   in   interlinking  lines  of   force. 


Armatures.— The  function  of  an  armature  le  to  support  c 
duttors  lorming  part  of  an  electric  circuit,  wliich.  are  lo  be  sub- 
jected to  the  action  of  a  field  of  force  whose  relation  to  the  wind- 
ings conataatly  varies.  With  fixed  relations  of  the  field  to  the 
armature  conductors  theje  would  he  no  current  induced  in 
chines  ol  the  usual  type  aa  here  described. 

Tbe  relations  are  varied,  so  as  to  induce  current  by  the  si 
ing  of  conductors  and  field  poles  past  each  other.  This  is  univer- 
sally done  by  having  the  poles  and  armature  cotis  arranged  on  a 
circle;  and  by  rotation  of  either  armature  or  field,  or  by  rotation 
of  a  series  of  "inductors"  of  soft  iron  past  the  poles,  the  desired 
varying  of  relations   is  brought  about. 

Armatures  are  wound  in  many  ways.  For  direct-current  work 
the  cloaed-coH  drum  armature  is  much  used.  It  is  the  successor 
of  two  historical  inventions,  the  Pacinotti  disk  armature  and  the 
Gramme  ring  armature.  la  both  o£  these  the  closed-coil  feature 
appeared,  which   characterizes   most  modern   dynamo   and   motor 


The  Pacinotti  Armature.— The  modern  armature  is  with  a 
few  exceptions  wound  on  principles  exemplified  by  the  famous 
Pacinotti  (iironoimced  Pacheenol-tee)  armature  of  3864.  These 
prlnciplBS  require  the  winding  to  be  consecutive  from  beginning 
to  end,  so  that  the  windings  form  one  closed  circuit.  Such  a 
Winding  is  characterized  as  re-entrant  when  in  the  winding  the  last 
end  falls  into  place,  so  aa  to  he  In  line  with  the  first  end. 

The  winding  is  carried  out  as  symmetrically  as  possible,  and 
at  symmetrical  points  it  is  connected  to  divislona  of  the  com- 
mutator. 

Pacinotti  ih'scrlbeil  his  aniiatui'e  in  1864-,  it  C0U&\.\lvi.\.'a4  ■sa-t^-o'^. 
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Flo.  129.— Two-Pabt  Gkuimb  Rina 


Ing  current.     The  latter  will  .1 

Ing  armature  may  be  taken  as  to  a  certain  extent  the  pro- 
of the  drum  armature,  and  will  be  first  treated, 
two-pole   or   bipolar   dynamo   is  a  little  simpler  than  the 

lolar  one,  and  will 

!  Starting  point  tor 

ascription  of  arma- 

vlndings. 
Gramme  ring  Is  a 

C  soft  iron  on  which 

r mature    coils    are 

.    Fig.  129  shows  in 

m  a  ring,  supposed 

ate  about  an  axis 

dicular  to  the  pa- 
the  two-pole  field, 

itted  lines  show  the  course  of  the  lines  of  force.    The  ac- 

irts  oC  the  armature  windings  are  those  on  the  outside  of 

ig.     It  may  be  made  more  complicated  and  efficient  by 

ig  the  parts,  as  In  Fig.  130.    B,  and  Bj  are  the  conductors 
;  at  A  and  C  no  current  Is  induced;  at  D  and  E 
the  maximum  Is  Induced. 
*■  '~"  Tha    arrows    give    the 

course  of  the  currents, 
and  show  how  they  meet 
in  opposite  commutator 
sections.  The  windings 
operate  in  parallel  of  two 
To  make  a  real  working 
armature,  a  large  number 
of  windings  are  requisite, 
and  the  commutator  Is 
divided  Into  many  sub- 
dlviaions.      Such    a    ring 

3ated  In  diagram  in  Fig.  131. 

■aatator  Connections  of  Ring  Armature.— \ti.  ■fttwitee.  » 

stor  is  mounted  on  the  shaft,  and  wVifts  oie  \%&.  ^"tw 

'ass  of  the  ring  to  It,  and  th«  l)TViBb.«a  ^w  ««Bi»sX  SW 
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commutator  and  take  current  from  it.    The  wires  are  led 
symmetrically   or  evenly  spaced  portions  of  the  windlDg, 


each  one  is  connected  to  its  own  commutator  segment  or 
The  commutator  is  used  from  mechanical  considerations,  i 
wise  the  current  could  be  taken  from  the  conductors  on  th( 
side  of  the  nn?   at,  indicated  in  the  diagram    Fig    132 

Cores  of  RIdk  Arms' 
■were  originally  made  of 
nire  wound  into  a  circle  o 
desired  thickness  Present 
tlce  makes  them  of  thin 
shaped  laminations  A  c 
ring  Is  somewhat  trouble 
to  wind  so  ring  cores  are 
made  m  two  seml-cit 
halves  over  which  the  col 
ready  made  up  can  be  tl 
after  which  the  two  halve 
bolted  together,  so  aa  to  fc 
ring. 

Penneanceof  the  Rlns  < 

— One  of  the  objections  t 

ring  core  for  two-pole  mac 

spared  with  a  drum  core-  Bvery  i 

central  opening  of  the  ring,  yet 
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Mt  easy  to  Imagine  a.  ring  armature  core  of  as  high  permeance 
Ims  bipolar  field  as  a  drum  armature  core  would  be. 

The  cross  section  of  tlie  core  varies  greatly  with  differenl.  con- 
Hmctors.  The  modern  appreciation  of  the  laws  of  the  magnetic 
j  fircuit  has  led  to  the  production  of  ring  cores  of  good  per- 
eance.  Some  of  the  older  rings  were  thin,  and  conaequeutly  of 
w  permeance.  For  multipolar  machines  a  ring  armature  may 
luive  about  as  good  permeance  as  that  of  a  drum  armature.  This 
t  of  the  course  taken  by  the  lines  of  force,  which  go 
B  and  niit  of  It  within  a  small  portion  of  its  clrcum- 
a  multipolar  machine  they  follow  a  U-shaped  path 
Iwm  pole  to  pole,  largely  through  the  outer  layers  of  the  core. 
In  the  bipolar  machine  the  lines  of  force  have  to  go  from  one 
Me  of  ihe  ring  lo  the  other.  This  develops  the  had  permeance 
W  tbe  ring  armature  to  the  highest  degree,  as  the  lines  of  force 
'([lowing  the  curved  path  of  the  core  have  a  longer  distance  to 
trtvel  ihan  that  followed  by  them  In  going  directly  across  a  drum- 
(miature   core. 

In  plain  ring  winding  there  Is  a  brush  for  each  pole,  which 
truabes  normally  coileel  current  from  points  of  the  commutator 
tarly  Bymmelrlcally  located  between  the  poles,  so  that  a  lilte 
Merence  of  potential  exists  between  each  pair  of  c:ontiguous 
By  special  winding  one  pair  of  brushes  can  be  made  lo 
Mawer  for  a  multipolar  machine.  This  has  the  ob.iection  that 
k  leads  (o  unayrometrlcal  positions  of  the  bruahea.  with  conse- 
Wnt  uneven  voltage  between  the  brushes  appertaining  to  the 
10  sides  of  Ihe  commutator. 

Ule  Wire.  — In  the  ring  armature  the  wire  on  the  outside  of 
e  ring  1h  the  active  portion.  All  on  the  inside  la  Idle  as  far  aa 
H  impressment  of  electro-motive  force  Is  concerned.  This  is  ono 
HUie  objections  to  this  type,  an  objection  which  is  of  some  mo- 
Mt  as  low  resistance  In  the  armature  Is  an  element  of  efS- 

tln  a  Ring  Armature. —The  course  of  the  currents  in 
^noature  In  a  bipolar  field  is  shown  in  Fig.  133,  In  which 
sada  show  the  direction.     The  currents  meet  at 
miUea  of  a  diameter  which  is  at  right  angb 
Ined  by  the  axes  of  the  poles.   T\v\s  as.\% 


.\%  >l^ 
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marked  A  B.  The  arrowheads  Indicate  the  current  in  the  eigh^ 
coils.  The  impressment  of  electromotive  force  which  cause; 
the  current  is  principally  in  the  coils  2,  3.  6  and  7  of  the  anoa 
ture  in  its  present  position,  but  the  armature  is  supposed  to  b< 
turning,  so  that  the  coils  acted  on  are  constantly  diCerent  ones 
The  brus-hes  remain  fixed  in  position,  indicated  by  the  line  A£ 
Tho  arrows  under  N  and  S  are  supposed  to  be  one  In  front  of  an. 
the  other  behind  the  core,  and  indicate  the  current  which  wil 
be  impressed  by  the  induction  of  the  poles.  The  curved  arro\ 
donoioss  the  direction  of  rotation  of  the  core. 

Open-Woond  E^ur-Piu 
Rln;  Armatitre. — In  Fig.  13 
BxB,     indicate    the    brushe 
which     are     taking     curren 
from    the    horizontally-place 
pair  of  coils.     These  are  i: 
the    position    in    which    th 
highest   degree  of  electrom( 
tive  force  is  impressed  upo 
ihem:  and  during  the  perio 
of   such   active    impressment 
the    brushes    receive   curren 
fr>?m  them.    After  a  rotatio: 
of  about  half  the  arc  of  th 
vv:nc::::a:or  division,  the  coi 
:s     v>7en-oircuited.     and     th 
other     one     has     its     circui 
vvr.':"^  :v.  vvr.:av:  w::h  the  commutator  se< 
7>.:>  :".■.:>: rii:t;s  :hr  principle  of  the  opec 
:;   ;^vv^»TO"::>    :a::<  -^  utilise  half  the  ring  sui 
..-.  ••   .A<:   ,  v.;  >.A  '.  ::  :^.^  ^/.r^AiV  represents  the  locu 
>>  . '•    :.."     :-.    CT:.^::7  -.van  of  the  electromotiv 

-  ■  .'         :■;>■.■.    <  iv.t:.-Ani>e. 
^\»Hi«tioj:  ot    A  K  i":]:    \r mature.     Th?    aia^ram   showing  th 

;..">*:"  /.  :r.  a  series-wound  dyns 

■    •  ■  .  "  ;:■=■■   :v.&i.Tiet  i«  wound  to  giv 

\  \  >  >   :..■.■  ■;  .<::.  ^plow  the  vertical  diair 

•■  •»»  .;....  :  .  .    >  .iv:r.  from  the  opposite  side 
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Pin.  184.— OpEN-Oon.  Bno  ARitATum. 


i  through  the  field  coilfl.    The  axle 
f  1b  jouroaled  In  the  magnet  7okes. 

IpoUr  Ring  Armature.— The  ring  armature  can  be  used 

LUltlpolar  field  wlth- 

lange.     All    that    is 

try  is  to  have  more' 

s   than   two,   so  as 

e    the    current    oil 

everal  parts  of  the 

g.     If  the  currents 

Gramme  ring  are 
it    will    be    found 

futral  points  are  es- 

ed  equal  in  number 
polea  of  the  field. 
winding   and    com- 

■T  connections  are  eymmetrical,  the  neutral  points  will  He 

y  between  the  radii   which  go  through  the  axes  of  the 
The  current  Is  easily  traced  by  following  the  rule  given 

eS10,and  treating  the  parts  of  the  wire  outside  the  ring 
WB  of  the  diagram  on  the 
same  page.  It  is  in  any 
case  obvious  that  if  the 
current  is  Induced  In 
one  direction  In  front  of 
the  north  pole.  It  will  he 
induced  In  the  other  di- 
rection In  front  of  the 
south  pole.'  The  cur- 
rents therefore  meet 
midway  between  the 
poles,    and    are    to    he 

13S.-DiAon*H  or  -WranrBn  oi-  a  *^^^°  t**™*^*  •*?  *  hraeh. 

itAMUE  RiNu  Series  Machi.\e.  This     brings     a     brush 

midway    between     each 

■  polea,  so  that  they  aggregate  one  brush  for  each  pole.    The 

pment  of  a  four-pole  ring  winding  Is  shown  In  Fig.  136. 

Drum   Armature,— It  has  been  noted  tbat  Ike  -«\t«  ■ 


luctors  corresponding  to  the  a 
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the  outside  ot  8  i-ing  armature  la  the  active  part.  The  largo 
opening  of  tbe  ring  decreaaee  Ita  permeance.  I(  the  opening 
were  filled  with  Iron  and  the  idle  wire  BuppresBed,  one  improve- 
ment would  result — the  lowering  of  reluctance  or  increasing  of 
permeance,  and  in  some  cases  there  would  also  be  brought  about 
a.  reduction  of  reiistance.  If  a  reduction  of  resistance  occurs,  it 
is  due  to  the  reduction  in  length  of  the  wire.  This  reduction 
la  to  he  looked  for  in  the  tranaition  from  a  thick  ring  core  with 
sraail  central  aperture  to  the  drum  core — not  in  the  transition 


.]    J 
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from  the  old-style  thin-bodied  ring  core  with  large  central  aper- 

In  the  ring  armature  shown  in  Fig.  131  imagine  the  center  open- 
ing fi!!ed  with  iron  and  the  Inner  wires  removed.     Other  leads 
must  be  carried  across  the  two  ends,  so  as  to  bring  the  whole 
quantity  of  wire  into  one  consecutive  coil,  and  from  aymmetrical- 
ly-iocated  points  on  the  windings  leads  must  be  carried  to  a  com- 
mutator.    This  gives  a  drum  armature. 
A  drum  armature  Is  unlike  a  ring  armature  in  one  respect.    If 
und  lor  a  bipolar  field.  It  will  not  operate  properly  in  a  four- 
'  or  other  multipolar  machine.     lu  a  six-pole  field  it  would 
-mereealt;  in  a  four-pole  field,  none. 
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^K.Actloit  of  the  Drum  Armature, — A  conducCar  an  the  periphery 
of  a  drum  armature  swept  across  a  field  pole  has  Impressed  upon  it 
electro -motive  force  the  reverse  oC  that  impressed  upon  one  swept 
past  tbe  opposite  pole.  If  the  current  induced  flows  to  the  com- 
mutator end  in  one  conductor,  It  will  flow  away  from  it  In  the 
opposite  conductor.  It  follows  that  to  obtain  a  continuous  cur- 
rent such  conductors  should  be  connected  to  each  other.  Then 
the  current  as  the  circuit  ia  completed  will  flow  in  one  direction 
through  one  active  wire,  then  across  the  end  of  the  core  in  the 
connecting  wire,  in  the  reverse  direction  in  the  other  active  wire, 
and  across  the  other  end.  If  the  wires  correspond  in  angular 
distance  to  two  opposite  poles,  this  course  of  current  will  be 
given  by  the  Impressed  electromotive  force.  This  is  the  reason 
why  wires  opposite  a  norlh  pole  must  be  connected  to  wires  op- 
posite a  south  pole. 

If  a  wire  were  connected  to  one  directly  opposite  on  both  ends, 
there  woul:i  simply  be  a 
gregating  as   many   com 

To  secure  a  continuous  winding,  the  conductors  exactly  Op-  , 
poalte  are  not  directly  connected.  Direct  connection  is  made  as 
described  between  conductors  nearly  but  not  quite  opposite  to 
each  other,  'Wltli  every  cross  or  end  connection  a  step  in  ad- 
vance (wave  winding)  or  a  step  in  retardation  followed  by  a 
longer  one  in  advance  (lap  winding)  is  made.  The  flnal  result 
is  the  same  in  either  case;  a  uniform  progress  around  the  cylin- 
der Is  made  by  the  windings,  somewhat  similar  to  a  spiral. 

DrumArraature  Windings.— To  form  an  idea  as  easily  as  pos- 
sible of  the  essential  features  of  the  drum  winding,  an  example     ■ 
may  be  given   of  a  winding  with  very   few   conductors. 

The  wiuding  of  a  drum  armature  may  be  divided  into  three 
classes  or  parts.  The  first  are  straight  lines  of  wire  or  con- 
ductors which  cut  the  lines  of  force.  These  lie  upon  the  cylin- 
drical surface  of  the  core,  parallel  with  its  axis.  i 

If  we  stop  here,  we  have  simply  a  lot  of  short  straight  pieces 
of  insulated  wire  occupying  the  places  of  the  elements  of  a  cylin- 
der. They  are  of  the  same  length  as  the  core.  t\\e.  <?.Qm.^wa'i.^\.c,^ 
end  of  Ilia  armature  may  he  termed  its  trout  eii4.    TV^  ^\t^\^'^ 
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conductors  now  must  have  their  ends  connected  across  the  front 
and  rear  ends  of  the  corej  The  rule  which  must  be  followed 
for  closed-coil  winding  is  that  each  wire  must  be  connected  to 
one  at  an  angular  distance  from  i.  corresponding  approximately 
to  the  interval  between  the  nearest  north  and  south  poles.  For 
two-pole  fields  such  as  are  now  being  described  this  distance  is 
approximately  180°.  At  the  back  of  the  armature,  wires  run 
across  its  surface  connecting  the  conductors  on  the  periphery  of 
the  drum  or  cylindrical  core,  subject  to  the  rule  just  stated. 
These  operate  with  the  front  connections  to  connect  all  the  wind- 
ing into  one  continuous  circuit.  At  the  front  each  of  the  wires 
lying  on  the  cylindrical  surface  is  connected  to  an  armature  bar. 
To  the  same  bar  is  connected  a  wire  connected  to  an  opposite 
conductor,  which  is  approximately  180°  distant  from  the  first 
one  in  a  two-pole  field.  If  it  were  a  four-pole  field,  the  angular 
distance  would  be  approximately  90°. 

Simple  System  of  Armature  Winding. — In  a  simple  type  of  bi- 
polar winding  the  rear  end  of  a  wire  might  connect  with  one 
which  would  be  one  wire  out  of  perfect  opposition.  In  front  it 
would  connect  to  a  commutator  bar.  The  same  commutator  bar 
would  then  connect  to  another  wire  nearly  opposite,  which  would 
be  near  to  the  one  with  the  rear  connection.  This  if  repeated 
would  join  all  the  wires  into  one  continuous  lead.  The  number 
of  commutator  bars  would  be  equal  to  one-half  of  the  peripheral 
surface  wires. 

Eight- Conductor  Drum  Armature. — Suppose  there  were  eight 
surface  conductors  or  wires.  Starting  with  any  desired  wire,  let 
them  be  numbered  consecutively.  As  the  most  natural  way,  we 
may  start  with  wire  1.  In  front  it  is  connected  to  a  commutator 
bar,  which  we  may  designate  as  a.  From  this  commutator  bar 
the  second  connection  runs  to  wire  4.  This  is  one  less  than  half 
the  wires.  The  rear  end  of  wire  4  is  connected  across  the  rear 
of  the  core  to  wire  7.  Now  returning  to  the  front  or  commuta- 
tor end,  wire  7  is  connected  to  commutator  bar  d,  and  the  second 
connection  from  commutator  bar  d  goes  to  the  front  end  of 
wire  2.  Counting  forward,  this  is  one  less  than  half  the  number 
f  wires.     The  rear  end  of  wire  2  coimects  with  the  rear  end  of 

"  5,     The  front  end  of  wire  5  coniiects  \Mtom^  XX^^  Q-OrmmM- 
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tator  bar  c  to  wire  8,  also  an  interval  of  one  less  than  half  the 
wires.  The  rear  end  of  wire  8  connects  to  the  rear  end  of  wire  3, 
and  the  front  end  of  wire  3  through  the  commutator  bar  b  con- 
nects with  wire  6.  The  rear  end  of  wire  6  connects  with  the  rear 
end  of  wire  1.    This  closes  the  circuit. 

A  winding  table  for  the  above  is  given  here. 

1  a  4  indicates  that  wire  1  connects  through  a  to  wire  4. 

1  d  2  that  wire  4  connects  to  wire  7,  that  wire  7  connects 

5  c  8  through  d  to  wire  2,  and  so  on  as  explained. 

3  &  6  above.    The  letters  a,  &,  c,  and  d  denote  bars  of  the  com- 
mutator. 

Twelve- Conductor  Bipolar  Armature. — The  winding  of  this  is 
shown  in  the  diagram, 
Fig.  137.  The  dotted 
lines  indicate  the  wires 
crossing  the  distant  end 
of  the  core,  the  full  lines 
those  crossing  its  front. 
Again  a  departure  of  one 
wire  from  180°  angular 
distance  is  adopted.  Wire 
1  connects  in  front  with 
wire  8  and  on  the  rear 
with  wire  6.  .  Wire  1  to 
wire  7  would  be  180° 
angular  distance,  whence 
it    is    evident    that    the 

winding  is  based  on  a  departure  from  180°  of  an  interval  of  one 
wire.  The  commutator  sections  should  be  six  in  number,  and 
should  connect  to  the  centers  of  the  set  of  conductors  which  cross 
its  end  of  the  core. 

Sixteen- Conductor  Bipolar  Armature. — The  winding  is  shown 
on  the  basis  of  a  departure  of  one  wire  from  180°  in  Fig.  138. 
The  neutral  line  is  shown  at  right  angles  to  the  polar  axis  r' 
the  field.    On  part  of  the  circles  representing  the  end  view  of 
active  conductors  crosses  are  marked.     These  Indicate  that 
current  in  those  wires  goes  away  from  the  obsexNet.  tVi^  O. 
w/t/i  central  points  indicate  that  In  the  coii^\xcX.QT^  XXiSTj  x 


Fig.  137.— Twelve-Conductor  Bipolar 
Drum  Armaturs  Winding. 
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sent,  the  current  la  coming  toward  the  observer, 
this  system,  tbe  points  may  be  taken  as  Indicating  the  pointi^ 
of  arrows  flying  toward  the  observer  and  the  crosses  as  Indicat- 
ing the  feathers  or  arrows  flying  away  from  the  observer.  This 
system  of  Indication  Is  often  used  In  textbooks. 


Winding  Tables.— The  winding  tables  for  these  three  armatures, 
omitting  commutator  bar  letters,  are  as  follows; 
Bight-Conductor.        Twelve-Conductor.        Sixteen-Conduetor. 
1  a  4  IS  18 


7  d  2 
6  c  8 
3  b  a 


a  the  twelve^MJidMctoT  winding.  -wVte  6  toiniftcl'a  -«Vft>.  -«s.t*  "^ 
'o  the  alxteen-coaductor  windloB  '"^^e  ^^  -wm^wSs  'sVCo.  'sv 
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The  windings  may  be 
significance  of  the  wlnd- 


1,  thus  making  the 
studied  out  on  the  cul 
lug  tabiea  wiil  be  appi 

Wlndlags  for  Multipolar  Fields, — In  bipolar  winding,  every- 
thing in  the  way  of  the  Hpacing  of  condiiEtors  is  referred  to  180", 
or  to  one  bait  of  a  circumference.     Tile  croHS  connections  over 


the  ends  of  the  drum  core  co 

more  or  a   little  leas  than  18 

distance  180°  is  the  distance 

from   center  of  pole  face   to 

center  of  pole  face. 
When   a  drum   armature   is 

wound  tot    a  mult  polar  field 

the  angular  distance  between 

adjoining     north     and     south 

poles    IS    fi  ibstlt  ited    for    the. 

ISO     of  b  polar  wind  ne 

Suppose  that  there  are 
eighteen  conductors  on  the 
cylindrical  surface  of  the 
rore  This  giiea  tour  and  a 
half  conductors  to  each  pole 
if  there  are  foui  poles  in  the 
field  The  quarter  eircumfer 
ence  is  the  controlling  factor 
Conductor  1  in  bipolar  wind 
ing  miRht  connect  to  number  12  or  14  in  four  pole  winding  it  i 
may  Lonnect  to  numter  6  number  b  to  number  11  and  so  on, 
going  flip  c  nluctore  at  each  connection 

Eighteen  -  Conductor    Four  Pole   Armature — This     four-pole 
winding   with   e  ghteen   conductors   is   illustrated   In   Fig.   139   in 
diagram  as  hitherto    and   m  Fig    140  a  circular  development  of 
the  identlial  winding  (a  given.    The  dark  spots  near  the  center 
of  the  latter  diagram  indicate  the  point.s  where  the  brushes  take     [ 
the  current.    The  outer  lines  forming  the  points  of  lUe.  ?,\a.\  *.^«; 
tHe  connections   crossing   the    rear   end   ot   *e   cote.  «ti4  "^-it^^ 
f^°tl°,  ""^  rfo'tcrf  Unea  of  Fig.   139.     T\ie  8\\ort  s,lTa,\'£'c«.  \'^-a^»* 
^^  circle  to  outer  circle  TcpreftCTA  VXi"*  *'"*-'^* 


139— QoHTaBS  roNDircTOR 
It  Pole  Dnira  Ani 

Wavb  Winding. 


ninning  t 


I 
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condactora  on  the  periphery  ol  (be  drum.    Tbe  cylindrical  surface 


Ac.  IM.— CiBrn.AB  I>Bi'n/>p]iBiT  or  Abhatths  Wismno. 

of  tbe  dmm  Is  represented  bj-  tbe  annular  aTf«  beiveen  tbe  two 
circles.  The  lines  witbln  tlie 
Inner  circle  represent  tbe  con- 
nections at  the  front  or  commu- 
tator end  oF  the  core. 

Clrcabir  Oevelopineiits  are 
used  a  great  deal  to  Illustrate 
armanire  windinfrf^.  Tbe  points 
ouiside  the  rin^s  bave  no  real 
existence  as  shown.  Tbey  mere- 
ly imiicate  the  cciiier  of  ibe  cross 
connections  over  the  head  o(  the 

Commtitator  Connections  are 

shown   in    Fl:.;.    \u.   a  fourteen- 
S"vllcn    arnuiuir,'    winding   with 
ffven  C0T\\nv.'i.'\V\\T  divisions. 
4£jy  Winding.— There  are  l'«:o  U^V^Xqii^  ot  c\«sa!a  al 


CossBc- 
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winding  Cor  drum  armatureB,  named  aB  above.  In  the  first  a 
uniform  progression  is  obtained  In  tile  winding;  In  tbe  second 
a  retrograde  step  of  a  definite  number  of  conductors  is  followed 
by  a  forward  stop  of  a  larger  number.  Thua  in  wave  winding 
«ach  atep  is  progressive;  in  lap  wave  winding  tlie  aum  of  every 
two  ateps  is  progressive.  The  development  of  tbeee  windings  most 
obviously  allows  the  origin  of  their  names.  An  example  of  the 
development  of  wave  and  lap  winding  for  an  armature  wllli 
eighteen  peripheral  conductors  will  be  sliown. 
Wave  Wlnding.^The  peripheral  or  active  conductors  are  rep> 


Fio.  112.— Dev 


BiGHTE«!i-CoHDncroRWiv»  Wnmmo, 


resented  in  Fi^.  142  as  vertical  lines  and  numbered  from  1  to 
18.  The  cross  connections  at  one  end  of  the  drum  core  are  rep- 
resented by  the  lines  of  V-shaped  connections  above  the  vertical 
lines;  the  cross  connections  at  tbe  other  end  of  the  core  are 
represented  by  the  V  lines  below  the  vertical  lines.  If  the 
reader  will  follow  the  course  of  the  wires  with  a  pointer  of  an7 
kind,  he  will  s-^e  that  there  Is  a  wave-like  proeresa.  The  windlnf 
is  exactly  what  is  sliown  in  Figs.  139  and  140. 

Lap  Winding.— Tbe  next  cut;  Fl^.  143,  shown  the  Hante  armfr 
ture  with  eighteen  conductors  as  before,  but  wllli  lap  winding. 
Thus  on  III!.-  lop  ol  tbe  diagram  a  wire  KtarVH  Uowv  cr«i&\wW«  "V 
aoa  goes  to  the  right  to  conductor  6,  wMc^  \»  ftN«  «itt6»sWn* 
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In  progress.  From  conductor  G.  Instead  of  going  forward  the 
winding  goes  back  on  itself,  or  to  the  left  to  conductor  3;  from 
conductor  3  tile  lead  goes  torward  to  conductor  8;  then  back  to 
conductor  5.  and  so  on.  This  ends  hy  the  winding  from  conduc- 
tor n  going  forward  to  conductor  2  and  back  to  conductor  1. 
This  ende  the  winding  and  leaves  it  re-entrant.  Thus  the  wind- 
ings form  a  series  of  laps,  going  forward  five  sections  and  back- 
ward three  sections,  gaining  two  divisions  for  each  two  steps. 
Development  of  Commutator  Connections.— The  commutator 
t»rs  are  shown  m  the  development  as  little  rectangles,  and  they 


Fig.  143.— Dbvblopmbnt  or  Eighteen- CosDncroR  LiP  Winding. 

are  indicated  by  small  letters.  There  Is  one  bar  tor  each  pair  of 
nearly  opposite  conductors,  and  in  the  development  they  are 
shown  connected  to  the  angles,  either  above  or  below  the  dia- 
gram. These  angles  in  the  development  simply  represent  the 
centers  of  the  end  windings,  whicli  go  across  the  ends  of  the 
drum;  they  do  not  necessarily  represent  any  angle  or  bend  in 
the  wire. 

Development  of  Field  Poles.— These  are  represented  back  of 
the  diagram,  and  each  one  Is  marked  N  or  S  according  to  its' 
'tnti.   wHelber  north  or  south  pole. 

^yefopmeat  ot  Current   Induced.— TMa   \a   a^wmSneft.  !•«_ 
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drum  windings  by  tbe  rule  given  on  page2I0,  and  the  field  poles 
in  the  diagram  are  shaded  diagonally  in  accordance  with  that 
rule,  ir  the  conductors  are  carried  from  left  to  right,  those  in 
the  range  ot  the  north  pole  will  have  downward  currents  in- 
duced in  them,  when  the  outer  circuit  Is  closed;  those  In  the 
range  of  the  Bouth  pals  will  have  upward  currents  Induced. 
Arrowheads  are  drawn  to  follow  out  this  induction,  and  wliere 
the  currents  meet  on  the  commutator,  the  brushes  take  oft  cur- 
rent to  the  outer  circuit, 

A  twenty-four  conductor 
four-pole  lap  winding  la 
shown  in  Fig.  144. 

Straight  Developments. 
— The  cuts.  Figs.  136.  143 
and  143.  show  a  system  ot 
development  much  used  in 
Illustrating  armature  wind- 
ings. It  is  defective  be- 
cause It  has  disconnected 
ends.  If  the  paper  were 
bent  into  a  cylinder,  these 
disconnected  ends  would 
come  together,  and  the 
winding  would  form  a 
closed  circuit  or  be  re- 
entrant. As  drawn,  this 
connection  has  to  be  as- 
sumed, just  as  the  circular 
contour  has  to  be  assumed. 

Winding  a  Drum  Armature.— The  drum  armature  winding  in 
course  of  completion  Is  shown  la  perspective  diagram,  in  Fig. 
145.  When  completed  a  wire  will  pass  around  the  cylindrical 
core  in  one  continuous  circuit.  From  symmetrical  points  leads 
are  connected  to  the  commutator  bars.  When  such  an  armature 
rotates  In  a  two-pole  field  of  force,  it  will  impress  electromotive 
tdrce  upon  a  circuit  connected  to  fixed  brushes,  two  in  number. 
bearing  against  the  cowmutalor  surface  at  points  \?,<1°  &\^\a.tA. 
Ovzn  eacb  other  and  at  approximately  rigtil  aiis\es  \a  ttve  a\^wv'4r 


FOUB.POLE  DrCM 
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ter  conneellnB  the  center  of  the  poles  of  the  field  magnet,  Tha 
system  may  be  followed  out  on  the  leads  connected  to  the  com- 
mutator bars,  d.  e.  and  f.  The  rest  Is  incomplete,  but  the  con- 
tinuity of  the  winding  is  shown  In  the  part  mentioned.     Somc- 


!E^o.  1».— Dini«  Abwatobb  in  Pboci 

times  wooden  pegs  are  driven  into  slots 
winding  in  place  while  being  put  on. 

Another  diagram  illustrating  drum 
In  Fig.   147.     The  heavy   black   line 


If  WnsDnJo. 

the  core  to  keep  the 

shown   in   Fig.   146. 

winding  Is  given 

one  turn   of  the 


winding,  fastened  s 


B  end  to  its  proper  commute- 


Fro.  l«.— Opehattob  op  Windiho  A  Unnu  Aaxirvnm. 


tor  divIsioD.    From  the  same  division  a  second  turn  starts,  and 
Soing  around  the  drum  connects  to  the  next  commutator  division: 

.   TAe  two  dlagramn  iliustrate  the  Keiieva,V  Ymea  oa  which  drum 

Armatures  are  voaa^. 
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tleneral    Considerations     In     Laying    Out    Drum    Annaturt,^ 

WIndinss  Cor  direct-current  generation  admit  oC  no  flnai  deserlp* 
tion,  iiecaiise  sucli  windings  can  be  executed  In  many  different 
ways.  A  simple  method  of  doing  It,  whicli  follows  the  lines  at  what 
has  been  already  described.  Is  the  following:  The  number  of 
poles  in  the  Held  must  be  known.  Usually  these  are  of  even 
number  and  in  pairs  of  north  and  south  poles,  the  two  alternat- 
ing with  each  other.  The  number  of  layers  of  wire  to  be  carried 
by  the  core  is  to  be  settled,  and  finally  the  number  of  commuta- 
tor bars.  The  conlrolllng  factor  In  settling  the  last  factor  is 
the  total  voltage.  This  divided  by  the  number  of  bars  gives  the 
voltage  between  adjacent  bars.    The  lower  this  Is  kept,  tbe  leas 


I 

aan§ 
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tanger  will  there  be  of  sparking  or  arcing  on  the  commutator. 
Another  point  to  be  kept  in  mind  is  that  an  increase  of  armature        > 
divisions,  other  things  being  equal,  produces  a  more  even  electro-        ' 
motive  force  and  current. 

Single  Layer  Winding  (or  Bipolar  Field.— If  the  winding  of 
the  armature   is  based   on   single  active  coniluctors,   there   muel 
be  twice  as  many  of  them  as  there  are  bars  in  the  commutator. 
But  for  each  such  conductor  any  number  of  leads  of  wire  may       I 
be  substituted.     The  windings,  whether  in  one  or  several  layers, 
must  be  divided   into  twice  as  many  sections  as  there  are  divi- 
aiona  In  the  commutator.     By   section,  as  will   be  seen  later,  ie        I 
meant  a  gi'oup   of   wires   lying  aide  by  6l4e  oti  fti?i  MTH'a.V-ase      | 
peripber}-.     Each  aucli  division  forma  a  porUoia.  ot  ».  wreWtffi'*^^''^*  . 


A 
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t)il  wound  around  the  core  along  its   periphery  and  over  its 
^hds. 

Bach  such  coil  will  leave  two  ends.  These  are  connected  each 
to  its  own  commutator  bar. 

Suppose  that  there  are  to  be  thirty-two  divisions  in  the  com- 
mutator; there  must  then  be  at  the  least  sixty-four  active  con- 
ductors on  the  cylindrical  surface  of  the  core.  There  may  be 
substituted  for  a  pair  of  single  conductors  connected  across  the 
ends  of  the  core  a  coil  of  any  number  of  wires,  whose  free  ends 
are  treated  as  are  the  ends  ot  a  single  conductor  in  the  simple 
case  of  sixty-four  conductors.  Suppose  that  there  are  two  poles 
in  the  field.    Then  180°  is  the  controlling  factor. 

A  circle  is  drawn  to  represent  the  end  view  or  cross  section 
of  the  cylindrical  armature  core.  Around  this  circle  represent- 
ing the  core  section  sixty-four  points  or  little  circles  are  drawn, 
evenly  spaced  from  one  another.  These  represent  the '  end  view 
of  the  sixty-four  conductors  or  groups  of  conductors.  The 
points  or  little  circles  are  numbered  consecutively.  Starting 
rrom  circle  number  1,  a  full  line  is  drawn  across  the  large  circle 
to  circle  number  32  or  34.  Either  one  of  these  is  one  removed 
from  the  180°  position,  which  latter  is  held  by  conductor  number 
33.  Suppose  number  32  has  been  selected.  From  it  a  dotted  line 
is  drawn  to  number  63.  This  is  also  one  less  than  180°,  being  two 
points  distant  from  point  1,  and  removed  one  point  from  180". 
Then  from  63  draw  a  full  line  to  a  point  removed  by  two  points 
from  point  32  and  removed  by  one  point  from  180°.  This  is  point 
30.  The  same  process  is  kept  up  until  the  line  drawn  from  point  34 
to  point  1  closes  the  circuit,  and  makes  the  winding  re-entrant. 

Double- Layer  Winding:  for  Bipolar  Field. — Suppose  that 
there  are  sixty-four  conductors  as  before,  but  arranged  in  two 
superimposed  layers.  The  circumference  of  the  circle  is  divided 
into  thirty-two  parts,  and  sixty-four  points  are  distributed 
around  it  in  two  concentric  circles,  each  containing  thirty-two 
points.     The  inner  circle  of  points  is  numbered  from  1  to  32, 

ff  the  outer  circle  of  points  from  S^  lo  ^\.    ^\a.T\.vcL^  trom  num- 

X  a  full  line  is  drawn  from  it  to  uwtcCo^t  \^,  ^^^  ^  ^^\X^ 

from  number  16  to  number  31,  and  v\i\s  V^  cQraX-m>\^^  >mn.\SS. 
•  <fne  qf  the  inner  circle  is  conneGl^eL  axv^  wxfi^i^T  \^  V 
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reached  by  a  full  line  drawn  from  number  3.  The  inner  circle 
of  conductors  could  now  be  closed  and  made  re-entrant  by  con- 
necting number  18  to  number  1.  This  is  the  only  open  portion 
left.  But  this  would  leave  out  the  outer  layer  of  conductors. 
-Accordingly,  number  18  is  connected  by  a  dotted  line  to  number 
S3  on  the  outer  layer.  A  full  line  connects  number  33  to  number 
48,  a  dotted  line  connects  number  48  to  number  63,  and  eventually 
all  is  closed  and  made  re-entrant  by  connecting  number  50  to 
number  1  of  the  inner  layer. 

The  object  of  drawing  some  lines  dotted  and  others  full  is 
simply  to  distinguish  between  the  ends  of  the  core.  The  doited 
lines  cross  one  end,  the  full  lines  cross  the  other. 

Commutator  Connectioas. — Every  cross  connecting  wire  on 
one  end  of  the  core  must  be  connected  to  a  commutator  bar. 
Taking  the  full  lines  for  the  crossings  on  the  commutator  end, 
each  of  these  must  connect  to  a  commutator  bar.  If  Figs.  143, 
144,  and  others  are  referred  to,  the  connection  to  commutator 
bars  will  be  found  indicated  in  them.  The  windings  of  the  inner 
layer  connect  to  alternate  commutator  bars,  16  in  number;  the 
windings  of  the  outer  layer  connect  to  the  remaining  alternate 
bars. 

flultipolar    Windings. — These  may  be  laid  out  by  the  method 
given  for  bipolar  windings,  except  that  the  controlling  angular 
distance   is   90°    instead   of  180°.     Suppose  a   thirty-two-section 
armature  is  to  be  connected  for  a  four-pole  field.    The  conductors 
are  drawn  as  dots  or  little  circles  around  a  circle  as  before  and 
numbered.     Starting  from  number  1,  it  is  connected  to  a  con- 
ductor one  less  or  one  more  than  required  for  90°,  say  to  num- 
ber 8,  by  a  full  line.    Number  8  by  a  dotted  line  is  connected  to 
number  15,  number  15  by  a  full  line  to  number  22,  and  thus 
the  process  Is  kept  up  until  a  dotted  line  from  number  26  to 
number  1  closes  the  armature  and  makes  it  re-entrant.    This  is 
a  single-layer  wave  winding.    Suppose  that  as  before  we  had  two 
layers,   each  of  thirty-two  conductors.     Then  whe\i  \v\3AS!L\i^t  *^ 
was  reached  on  the  inner  layer,  precisely  as  a\iON^,  ^  ^qNX,<5;^  >^s^ft 
would  connect  it  to  number  33,  a  full  Wne  ^om\^  cotjlw^V  Ts?a:ts^^ 
?S  to  number  40,  and  so  on  until  num\)eT  ^%  ^o>x\^  >^^  ^^"^"^ 
r  a  full  line  from  number  51;  tben  a  doU^ei  \Viv^  ^^^^  ^"^^ 
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SS  to  number  1  wouki  rlo'je  thp  ftindiiig  and  leavp  it  reentrant 
The  Lommutalor  Louneriion'.  are  made  aubatanTiallj  as  deaeribed 

Alaltlpolar  Lap  Windings. — The  last  three  examples  pragreaa 
evenly  and  arp  therefore  waie  wmdings  To  make  tbem  lap 
wmdinga  conduttor  number  X  should  connert  with  a  ronductor 
more  than  10"  distant  and  thla  last  conductor  should  go  back 
In  lis  conneLtiona  toward  number  1  Thus  taking  a  thirty  two- 
section  four  pole  winding  number  1  may  connect  b>  full  line  to 
number  10  this  by  dotted  Imc  to  number  3  this  by  full  Ime  to 
nnmh'-r  12  and  bo  on  until  the  amiaturp  is  eloaed  bj  a  doited  , 
line  from  njmber  S  (o  number  1  This  system  raaXes  the  wind 
ing  a  lap  winding  whose  net  progression  is  two  conductors  in 
Btead  of  seven   aa  in  the  wave  winding  juht  described 

Variations  on  the  above  are  innumerable  The  controlling 
angular  dlstanee  has  here  been  taken  as  one  conductor  more 
less  than  180  or  30°  But  other  distances  can  be  taken  The 
absolutely  essputiai  feature  la  that  condmtors  directly  c 
ne  ted  must  be  acted  on  simultaneouslv  bv  opposite  poles 

Nomenclature  for  Drum  Armature  Windln^s.^A  single  turn 
of  conductor  comprising  Wo  peripheral  ronductort,  and  the  e 
nectiona  acrohs  the  end  of  the  core  of  a  drum  armature  may  have 
Its   front   pndB  connected  to   two  adjacent   commutator  bars 
coll  of  many  turns  of  wire  may  occupy  the  same  place   and  have 
Its    front    ends    connected    to    two    ad]ai  ent    commutator    bars 
Either  of  these  portions  of  a  winding  are  called     elements 
The  aHne  portions  oE  an  element  lie  on  the  cjllndrical  or  periph 
eril  pert  on  of  the  core    one  for  one  pole  and  the  other  for  the 
I     otht     pole    and  are  called     sections        In  connecting  one     e 
tlon    to  another    so  as  to  form  an     element      a  definite  number 
of  sertions   aie  bridged    over  or   are   caused    to    intervene  be- 
tween the  sections  of  an  element      A  sixty  four  eon dnctor  wind 
Ing  under  this  nomenclature  is  a  aixty-four-section  or  a  thirty- 
two-elpmeat    winding.      In    the    slsty-four-section    winding     do- 
Bcrllad  on  page  244   the  distance  ftonv  uwTti^ieT  \  \o  to\iaJaer  33, 
,   WAA'A   /s    3    j,r;rfR-ing   of    32   ^   1    or   a\   secUona,  \fi   caftti.  \!b»- 
^KPactne.-  and  it  is  a  spacing  o!  31  aecUon^. 

/formulas.— For  a  Dipolar  -wtoiYBe  ^^  ^^^^  ^^^  « 
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^^f  the  ends  of  section  1.  The  cross  wire  is  taken  across  the  end 
of  the  core  to  a  section  a  little  more  or  a  little  less  than  180° 
^removed  from  it.  If  there  are  four  poles  in  the  field  for  180°, 
there  must  be  substituted  90°,  if  six  poles  60°  must  be  substi- 
tuted, and  so  on.  These  controlling  angles  are  equal  to  the 
quotient  given  by  360°  divided  by  the  number  of  poles  in  the 
field. 

Taking  a  sixteen-section  two-pole  winding,  it  would  have  in- 
cluded 180°,  had  the  cross  wire  gone  from  conductor  1  to  con- 
ductor 9.  Therefore,  the  wire  may  be  taken  to  conductor  8  or 
conductor  10,  one  being  157°,  the  other  202°  distant  fn  angular 
measurement  from  conductor  1. 

Bipolar  Winding  Formula.— Denoting  the  total  number  of  con- 
ductors on  the  cylindrical  surface  of  the  armature  by  Z,  and 
the  number  in  one  element  by  &,  Z/&  is  equal  to  the  number  of 
elements  in  the  winding;  and  the  number  of  sections,  being  two 

in  each  element,  is  equal  to  ??  smd  is  denoted  by  s, 

b 
Let  the  spacing  be  denoted  by  y  in  the  cases  cited  above.    The 

general  expression  for  spacing  is 

y=  —  ±  a, 

u 

in  which  a  is  any  number  compatible  with  the  requirements  of 
re-entrant  winding  and  the  production  of  series  connection 
through  the  winding. 

For  J=^  in   the   last    formula   we   may    substitute  _    because 
b  3 

s  =  z-~, ,  and  therefore  -i.  =  A,  and  the  formula  becomes: 
b  2       6 

y  =  ^±a. 

bipolar  Winding;  by  Formula. — To  put  a  continuous  re-entrant 
winding  on  a  bipolar  drum  armature  on  these  lines,  s  must  be 
prime  to  y.     Us  and  y  have  a  common  factor,  the  armature 
winding  will  have  parallel  re-entrant  coWs  ^^m^\  va.  t^n^xs^^'^  \j^ 
til  is  factor. 
Thus  assume  s  =  16,  giving  a  sixleen-aeeUoTi  -«\\^^vc.%  ^' 
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eight  armature  bars.     Let  p  represent  the  number  of  pairs    ^Df 
polf-^  iU  the  field.     Let  a  :=:  1,  and  if  the  winding  is  bipol£:m.r, 

y 

it  follows  that  p  :=  1.       .  .  =  half  the  sections  or  8.     In  tli« 

b 

equation     y  =  y(x/'*'  " 

By  substituting  for  p  and  a  their  values,  each  being  equal  to  one. 

and  for  -  _  its  value,  or  8,  we  have: 
b 

y  =  S  ±  1  =  7  and  9. 

The  one  value  of  s  which  is  16  is  prime  to  either  of  these 
values  of  y,  so  this  winding  will  be  re-entrant  in  one  continuous 
coil. 

The  values  «  =  16  and  y  =:  6.  or  10,  which  would  result  from 
making  a  =  ±  2,  are  not  prime  to  each  other,  because  they  have 
a  common  factor  2.  It  follows  therefore  that  this  spacing  would 
give  two  re-entrant  windings,  parallel  to  each  other. 

Multipolar  Winding  by  Formula.— There  is  no  difference  in 
general  principles  between  bipolar  and  multipolar  windings. 
Taking  the  four-pole  winding  described  on  page  245,  the  angular 
distance  between  sections  is  78%°,  where  in  the  sixteen-section 
bipolar  winding  the  distance  was  157or202i^*. 

The  general  formula  just  deduced  can  be  made  to  apply  to  a 
winding  for  a  multipolar  field.  Denote  the  number  of  pairs  of 
poles,  which  is  half  the  number  of  single  poles,  by  p.  Denote 
the  spacing  by  y.    The  value  of  y  is  then  given  by  the  formula: 


1  /  Z  \  1  /  5  \ 


Sui)pose  a  four-pole  armature  with  thirty-two  sections.     Then 
/J  =  2  and  s  z=z  32,  and  letting  a  equal  1,  we  have  for  the  spacing: 


y 


1    /82\ 


The  equation: 


1   f  s  y  s 

^ar  be  transformed  to  read: 
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This  formula  may  be  used  to  deduce  the  number  of  sections. 

Assume  that  a  four-pole  winding  is  to  have  about  sixteen  sec- 
tions; the  spacing  y  will  be  about  16/4  or  4;  and  p,  which  is 
the  number  of  pairs  of  poles,  is  2.  Substituting  these  values  «*» 
the  last  equation,  it  becomes: 

s  =  2  (2X  4)  ±  1  =  15  or  17. 

This  method  is  only  of  interest  for  windings  of  many  sections. 
For  ordinary  purposes  a  simpler  plan  is  to  take  a  number  of 
sections  divisible  by  the  number  of  poles.  Then  select  for  the 
spacing  a  number  one  or  two  greater  or  less  than  one-quarter  of 
the  sections,  remembering  that  it  must^  be  prime  to  the  total 
number  of  sections,  and  without  a  common  factor  if  for  series 
winding. 

Thus  assume  a  four-pole  armature;   24  is  divisible  by  4,  and' 
will  answer  for  the  total  number  of  sections,  s.    We  have  then 

«  =  24,  p  =  2,  and  y  =       ^      ±  a.     We  may  try  for  a  the 

2x2 

24 
values  1  and  2.     The  formula  then  becomes  y  ^  jr— ^r  ±    1,   or 

±  2  =  4,  5,  7,  or  8.  Of  these,  5  and  7  are  prime  to  24,  having  no 
common  factor.  A  spacing  of  5  or  7  on  a  thirty-two  four-pole 
winding  will  be  in  series  and  re-entrant.  This  winding  with  a 
spacing  of  7  is  described  on  page  245. 

Lap  Winding.— In  bipolar  and  multipolar  lap  winding  we  have 
a  net  value  for  y.  We  have  to  go  forward  a  distance  equal 
r.pproximately  to  the  distance  between  the  contiguous  pole  cen- 
ters, and  then  to  go  back  a  lesser  distance,  leaving  a  net  spacing 
equal  to  the  difference  between  the  two  distances.  This  net 
spacing  is  equal  to  the  algebraic  sum  or  arithmetical  difference 
of  the  two. 

It  is  an  object  to  have  the  commutator  bars  even  in  number. 
To  do  this  the  number  of  sections  must  be  divisible  by  4.  Thus, 
a  fourteen-section  or  eighteen-section  winding  would  give  a 
commutator  of  seven  leaves  or  nine  leaves. 


CHAPTER   XIII. 


THE   DIRECT-CURRENT   GENERATOR. 


The  Magneto  Generator. — This  is  a  generator  in  which  the 
ield  is  produced  by  one  or  more  permanent  magnets.     Fig.  148 

shows  a  bipolar  generator  in  dia- 
gram. Very  large  machines  have 
been  constructed  with  permanent 
magnets  for  the  field.  The  cut, 
Fig.  149,  shows  the  De  Meritens 
machine,  used  for  the  production 
of  the  arc  light,  and  the  relation 
of  field  poles  to  armature  coils  is 
shown  in  the  small  diagram  on 
the  left.  Fig.  150. 

The  Modern  Multipolar  Dyna- 
mo has  its  yokes  contained  In  and 
forming  parts  of  a  species  of  frame 
of  iron.    This  is  a  circle  or  poly- 
gon.     From    its    inner    periphery 
cores,  one  for   each  pole,  project 
toward  the  center  like  incomplete 
radii.    The  ends  of  the  cores  cu 
to  the  periphery  of  a  smaller  circl 
form  or  define  the  armature  char 
ber  or  tube. 

A   drum   or   pole  armature   i 
tates    in    the   space    between    t 
poles.     One  brush   for   each   p 
Ib   typical.    From    these    brus 


Fig.  148.— Bipolab  Maonbto 
Generator. 


one  or  more  circuits  may  be  supplied.    TYie  po«.\Wo\i  cil  XXv^  ^^ 
»^  U  is  acted  on  by  the  radial  pulls  ot  l\i^  ^ymm^tY*\Q,^\Vj  t 


THE    DIRECT-CURBBNT   OBNERATOR.                 351          1 

ores,   tends   to   hold   a  centra 

position,  which  is  correct.     The 1 

'Irtually   circular    frame 

.^^H 

ubjected    to    radial    pull 

°=«^                          ^^^1 

lone       !h       exceedingly 

'^'"'""'^^X'**^                   ^^^1 

trong,  and  the  magnetic 

_f^^^^^^l-^^      ^^^H 

ull  cannot  deform  it. 

fwB^M^jL^pJjiM      ^^^^1 

There  Is  no  question  of 

'Tflff^^^^CMj^iW'N     .^^^^1 

he  material  of  the  fouu- 

r^m^^^^^^^W   ^^^H 

atlon.  for  nothing  more 

^^s&rTs 

han  a  magnet  yoke,  and 

"^urOJ^ 

erhaps    not    even    that,         ( 

^^yliUr 

omes  in  contact  with  the 

oundation 

ii|i'iMMMiLPtfl^'.L*l 

lo  tie  meLhanics  eye 

|li|ll|HASeSSSn^T^ 

tie     symnietrj      of     Ihe    if^ 

multipolar      machine      la     "Ujn^   ^ju""*^^   .  -"^^^'^^jii/           I 

ttraethe        The  project        ^ 

'^«ijcct^'^^    1 

ng  pole  pieces  are  abort 

nd  thick    so  as  to  mini         _ 

nlze  leakage  of  linps  of  p,o  149-DfMfi  ltkn^  MA..KEToOBBERiTOB.           | 

orco      The  rotating  part 

r  the  machine  the  commutator 

anil  til     1  1  ii.^licp,  nrc  at  a  distance 

from  the  lioor.  ami  less  liable  to 

^:=^^=^^^^ 

piPk  up  dirt  than  in  the  old  type 

^  ^^\ 

of  machine. 

The  poles  may  be  of  any  num- 

^fc^*r^"^^^^g5 

ber     limited    only    by    pracUcal 

considerations.     For    direct   cur- 

rent work  relatively  heavy  cur- 

rents as  a  rule  are  geiferated,  so 

SR^       #^ 

that  the  necessity  of  using  thick 

^^^       // 

ttire  tends  to  limit  the  number 

^      ii 

of  polea 

0   UC-Rbi  *TioN  or  Arhatchr 

The  construction   Is  symmetri- 

cal   anil  ttve  ftfe\4   teR\.\cni'&  '^■Ki 

be  made  on  ttie  \ii\.etctoKa'S,«4NJW' 

D  erea  jf  some  special  planl 

w  IS  ive-deA  lo  br\tt?.  ^-^v««^  s»«i*; 

ata  plate  In   setting   up   a 

mafl„„P      ■«>«    \.\ie   co«s\.'^-^cN\^-^  ■«■ 

rong  that    her^  ,s  never  any  need  ot  ve^^^cV^.^  ^^"^^  ^^'■^°" 
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Advantages    of  flultipolar    Construction. — The   old   type  ol 
two-pole  dynamo  with  parallel  magnet  legs  has  been  abandonee 


generally  for  the  multipolar  type.    The  objections  to  the  bipolai 
type  are  as  follows: 

To  take  the  drag  of  the  heavy  armature  off  the  bearings,  the 
armature  end  of  the  magnet  has  to  be  placed  downward.     Thi 
magnetic  pull  tends  to  lift  the  armature  from  the  bearings  an< 
make  it  run  easily  and  prevent  wear  of  the  under  journal-bo3c:  ^ 
But  the  placing  of  the  armature  end  downward  makes  it  impos- 
sible to  use  an  iron  base  for  the  machine.     Such  would  short- 
circuit  the  lines  of  force,  and  would  thereby  weaken  the  field 
of  force  in  which  the  armature  rotates. 

The  long  magnet  legs  give  much  magnetic  leakage,  as  shown 
in  Fig.  81,  page  184,  thus  further  weakening  the  field.  Never- 
theless, good  results  were  reached  with  the  old-time  bipolar 
dynamos. 

Field  Winding  of  Dynamos. — The  general  principle  upon 
which  the  field  magnets  of  dynamos  and  motors  are  wound  is  ex- 
ceedingly simple,  and  is  what  has  been  described  under  electro- 
magnets. Each  pole  piece  has  in  the  typical  and  almost  univer- 
sal class  of  machines  to  be  of  opposite  polarity  to  its  neighbor. 
The  windings,  if  directly  on  the  pole  pieces,  follow  the  rule  of 
electro-magnet  winding,  so  that  the  current  around  the  south 
poles  follows  the  direction  of  motion  of  the  hands  of  a  watch  if 
the  pole  is  facing  the  observer,  and  the  reverse  holds  for  the 
north  pole.  The  windings  in  a  bipolar  magnet  if  on  the  legs 
compare  exactly  with  those  of  an  ordinary  electro-magnet  The 
wire  crosses  from  the  front  of  one  leg  to  the  rear  of  the  other, 
so  as  to  give  one  north  and  one  south  pole. 

A  single  winding  on  the  yoke  connecting  the  legs  is  sometimes 
used  for  both  poles. 

On  multipolar  machines  with  windings  on  the  poles,  the  same 
rule  is  followed  as  for  bipolar  windings,  the  wire  crossing  from 
front  to  rear  of  the  pole  pieces  adjacent  to  each  other. 
Ser/tfs  Wlodiag,— The  simplest  or  most  h^Xaxx^Y  c.ciWQ.e;^Uon  of 
a  dynamo  is  the  series^ wound  dynamo.    In  \1  Wie  l^TrnVasC^a  ^l\>s\a 
armature  are  connected  as  follows-.     One  is  eonne^V^^  \»  o^^ j«:A 
^^  the  Geld  Winding.     The  other  is  connecle^  Vo  VWe  ^i^^  o\  n(!c 
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^^iiter  circuit.  The  other  end  of  the  outer  circuit  is  connected  to 
'tlie  remaining  field  terminal.  The  cut.  Fig.  151,  shows  a  diagram 
^>f  a  bipolar  series  dynamo,  and  Fig.  152  shows  the  same  in  con- 
"V'entional  diagram. 

This  type  of  connection  is  of  almost  historical  interest.     It  is 
impossible  not  to  recognize  in  it  the  foundation  of  the  modern 
<3ynamo.    The  self-exciting  dynamo,  relatively  small  in  size,  had 
no  difficulty  in  replacing  the  old  magnetos.     It  must  not  be  for- 
gotten  that   powerful    magnetos 
were  constructed   in   old   times, 
and  were  used  for  lighthouse  il- 
lumination. 


Vk 


Fig.  151.— Series.  Wound 
Dynamo. 


Fig.  152  —Conventional  Representa 
TiON  of  a  Sbries-Wound  Dtnamo. 


But  when  the  self -excited  dynamo  appeared  on  the  scene,  with 

a  field  enormously  intensified  over  that  of  the  old  magneto,  a 

veritable  revolution  was  made.    The  modern  engineer  often  winds 

^     Ms  fields  in  parallel  with  the  outer  circuit,  or  has  them  wound 

I     with  two  coils  part  in  parallel  and  part  in  series.    He  may  use  a 

small  independent  machine  to  excite  the  field,  which  also  is  an 

old  idea,  so  that  the  principal  machine  has  only  its  armature 

coils  traversed  by  the  current  it  produces.     Yet  the  self-exciting 

series-wound  dynamo  must  be  regarded  as  onft  ol  \Xi^  ^^t^\!>X^  \x!l 

tAe  already  long  line  of  ancestors. 

Tlie  winding:  Is  seen  to  be  adapted  to  proauc^  op^o^VX^  ^o\3v.^NX^ 
Of  adjacent  poles. 
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Action  of  Series  Winding,— The  action  of  series  winding  brings 
about  several  conditions.  The  armature  can  generate  no  elec- 
tromotive force  until  the  field  is  excited  by  the  current  this 
electromotive  force  produces.  Therefore  to  start  it  everything 
must  be  done  to  favor  the  production  of  current.  The  dynamo 
is  best  started  on  very  low  external  resistance,  and  the  armature 
may  have  to  be  speeded  up.  To  facilitate  starting,  it  is  impor- 
tant to  have  good  permeance,  or  to  have  a  good  magnetic  circuit. 

The  polarity  of  the  machine  is  fixed  by  the  polarity  of  the  field 
magnet  poles.  As  shown  in  the  cut,  the  direction  of  the  cur- 
rent is  indicated  by  the  arrows.  But  if  for  any  reason  the  dyna- 
mo began  self-excitation  or  building-up  with  the  north  and  south 
poles  reversed,  the  current  would  fiow  in  the  other  direction.  This 
happens  not  infrequently  with  series-wound  machines.  For  elec- 
tric light  this  may  or  may  not  be  of  importance;  for  charging 
storage  batteries  or  electro-plating  it  is  imperative  that  no  change 
occur. 

If  the  resistance  of  the  outer  circuit  is  increased,  the  electro- 
motive force  diminishes.  If  the  same  resistance  is  diminished, 
the  electromotive  force  increases.  These  two  effects  are  due 
to  the  effect  of  resistance  on  the  total  current  which  passes 
through  the  field  magnet  coils. 

If  used  for  constant-current  lighting,  the  addition  of  a  lamp 
will  cut  down  the  electromotive  force  exactly  when  it  is  most 
needed.  If  used  on  parallel-circuit  lighting,  each  new  lamp  light- 
ed will  cut  down  the  external  resistance,  strengthen  the  field,  and 
increase  the  electromotive  force.  This  involves  danger  of  burn- 
ing out  the  lamps. 

Series  winding  therefore  has  its  defects,  and  the  tendency  is  to 
adopt  other  windings. 

Shunt   Winding.— A  shunt-wound  dynamo  is  one  whose  field 
magnets  are  wound  in  parallel  with  the  outer  circuit.    The  ter- 
minals of  the  armature  winding,  which  are  the  brushes,  are  con- 
nected  each  to  two  wires.    One  is  a  terminal  of  the  outer  circuit, 
tAe  other  a  terminaJ  of  the  field-magivel  ^VTieiVsi?,. 
The  cut  Fig.  153,  shows  a  bipolar  Ayi[iamQ  ^\i\y.\iV^wiTi^.  ^\^. 
tS4  shows  a   conventional   represeivtaUoTi  ot  VV^  ^^^^^  ^\  ^^ 
•  ^n   that  the  potential  difference  or  voW^s^  ^^^^Ti^^^  ^^  ^ 
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field  magnet  and  outer  circuit  are  Identical.  The  energy  expended 
on  the  field  magnet  is  totally  lost  as  far  as  any  economic  etlect 
is  concerned.  It  is  of  importance  to  keep  Its  value  aa  low  as 
possible.  The  volts  are  nxed  and  beyond  control.  The  only  way 
of  reducing  the  watts  of  energy  expended  in  the  field  la  to  re- 
duce the  amperes.  Accordingly,  the  winding  of  a  shunt  dynamo 
is  of  fine  wire  and  of  many  turnH, 
Tbis  causes  it  to  carry  only  a 
email  proportion  of  the  total  cur- 
rent. The  watts  absorbed  by  It. 
aa  the  volts  are  relatively  con- 
atant.  is  directly  proportional  to 


M 


the  amperes  of  current  which  pass  through  It.  By  this  way  of  ' 
winding  the  field  coila  the  proportion  of  energy  expended  on  ' 
their  escltation   is  kept  as  low  aa  in  the  series-wound  machlnea.         I 

Action  of  Shunt  Winding.— The  action  of  a  shunt-wound  dy- 
namo is  the  reverse  of  that  of  a  series-wound  one.  | 

If  the  resistance  of  the  outer  circuit  is  increaaed,  the  field  mag- 
net receives  more  current,  and  the  voltage  at  the  armature  ter- 
minals increases.  The  effect  is  that  produced  in  the  series  ma- 
chine hy   short-circuiting. 

1(  a  ahnnt-wound  machine  is  supp\ymg  \ato'p?.  aijfe-ca.Vei  V-n.  \hi.\- 
a/UJ.  the  resistance  of  its  outer  circuit  wWX  be  aeCTea?.fta.  »s.  -cqwb 
and  more  lamps  are  operated.      This   cawsea  \esa  (!.\iitCTLV  X»  ■«* 
«ft«^«rf  Into  the  aeld,  and  the  voltage  iaWs. 
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The  effect  of  taking  current  from  the  field  reduces  its  mag- 
netization. This  in  its  turn  reduces  the  electromotive  force 
generated  by  the  armature.  This  reduction  comes  in  as  a  third 
step,  and  again  cuts  down  the  field  current.  Nevertheless,  some 
shunt  dynamos  with  low-resistance  armatures  regulate  them- 
selves fairly  well  within  a  reasonable  limit  of  action. 

If  the  resistance  of  the  outer  circuit  is  raised,  the  intensity 
of  magnetization  is  increased,  as  more  current  is  shunted  around^ 
the  field. 

A  shunt-wound  dynamo  may  supply  a  constant-current  system 
of  lamps  very  well.  This  is  the  system  where  the  lamps  are  in. 
series.  If  new  lamps  are  added  to  the  series,  the  resistance  of 
the  outer  circuit  is  increased,  more  current  is  shunted  through 
the  field  coils,  and  the  electromotive  force  and  voltage  of  the 
outer  circuit  increase.  This  is  in  the  direction  of  meeting  tho 
greater  demand  for  potential. 

The  series  machine,  because  of  its  connection,  must  have  tin 
full  current  pass  through  its  windings.  This  current  cannot  be 
changed.  The  current  passing  through  the  field  windings  in  the 
shunt  machine  can  be  varied.  This  may  be  done  by  placing  a 
variable  resistance  in  ..circuit  with  the  field  windings.  By  in- 
creasing this  the  field  is  weakened  and  vice  versa. 

Compound  Winding.— A  dynamo  consisting  of  a  combination 
of  the  series  and  shunt  machines  is  called  a  compound-wound 
dynamo. 

The  field  magnet  is  encircled  by  two  windings.  One  is  a  pro- 
longation of  the  outer  circuit,  exactly  as  in  the  series  dynamo. 
The  other  is  a  finer  wire  circuit,  in  parallel  with  the  outer  cir- 
cuit, exactly  as  in  the  shunt-wound  dynamo. 

Of  the  compound-wound  machines,  there  are  two  variations 
shown  in  the  diagrammatic  cuts,  Figs.  155,  156,  157  and  158. 

Short- Shunt  Compound  Winding. — The  first  variation.   Figs. 
155  and  157,  is  the  short-shunt  machine.  The  shunt  field  circuit  is 
connected  directly  to  the  brush  terminals.  The  outer  circuit,  with 
t/20  series  field  circuit  in  series  witYi  \l,  \^  eomi^Ql^d  to  the  same 
erminals.     The  shunt  field  coil  is  \ii  paxaW^X  ^V\^v  >iXi^  Wc^fc,  ^w^- 
^Jnsr  outer  circuit  and  series  masT^eUxm^  o^  ^^"^^  ^^'''^^- 
iV-^Hiint  Compound  Windln^.-^^^  ^^^^^^  Nax\aV.^x.,  ^. 
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ISiH  and  15S.  ia  the  long-ahunt  machine.  In  this  only  one  ter- 
minal of  the  shunt  coil  is  connected  directly  to  a  brush  terminal. 
The  other  end  of  the  shunt  coll  connects  to  the  outer  circuit  be- 
yond the  outer  enii  ot  the  series  field  coil.  In  this  connection 
the  ahunt  coil  is  in  series  with  the  armature  and  outer  circuit 
and  in  parallel  with  the  series  coil. 

Action  of  Short'Shunt  and  Long-Shunt  Windrngs  —There  is 
not  much  diHereace  In  the  action  of  these  two  kinda  of  windings. 


DrM. 


In  the  short-shunt  winding  an  identical  current  goes  through  the 
shunt  as  Ioer  as  the  same  voitage  is  maintained  at  the  armature 
terminals  or  hruahes,  hecause  the  shunt  coil  takes  Ita  current 
from  those  terminals.  In  the  long-shunt  winding  there  !b  a 
slight  variation  in  the  voltage  of  the  shunt  coll,  with  constant 
I  voltage  at  the  brushes,  if  there  are  variations  In  the  current 
In  the  outer  circuit. 

Self- Regulation  of  Compound -Wound  DjnamQa,— \l  a.  "^o-iw 

poimd-wound  dynamo  is   supplying   a  c\TC\i\t   at  c.ti'ci'i^B.Q.V  ^<i\.«t- 

tlal.  It  way  be  almost  aelf-regulating.     Sup^iuac  ■*«  -c^'v^Va-Ai-'a'' 

of  the  outer  circuit  to    be    dimiiiislie4.     TU\a  seT^C.*  o^'^^*'  "^ 
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Fig.  157.— Convention Aii  Representa- 
tion OF  Short-Shunt  Dynamo. 


rent  through  the  series  coil,  and  thereby  acts  to  increase  the 
intensity  of  the  field.  But  the  reduction  of  resistance  in  the 
outer  circuit  reduces  the  current  in  the  shunt  winding.     This 

action  goes  to  reduce  the 
intensity  of  the  field. 
By  giving  proper  propor- 
tions to  the  two  exciting 
coils,  the  intensity  of  the 
field  can  be  kept  prac- 
tically constant  as  the 
resistance  of  the  outer 
circuit  is  increased  or 
diminished.  The  arma- 
ture being  kept  at  a  con- 
stant speed  of  rotation  in 
a  constant  field  of  force 
by  the  engine  or  other 
source  of  mechanical 
power,  impresses  on  the 
circuit  the  identical  elec- 
tromotive force.  As  its 
resistance  and  that  of 
the  series  field  coil  is 
constant,  the  voltage  at 
the  terminals  remains 
constant. 

This  applies  to  an  ac- 
curately  arranged   wind- 
ing.   Whether  the  result 
is  reached  by  calculation 
or  by  trial,  it  can  be  attained  very  closely.    At  high  or  low  cur- 
rent strength  there  is  apt  to  be  a  comparatively  slight  change  in 
voltage. 

Characteristic   Curves.— On  page  283  are  given  characteristic 

curves  of  series-wound  and   shunt  dynamos.     If  it   is   realized 

At  the  characteristic  of  a  compound-wound  machine  may  be 

'Wt  a  horizontal  line,  its  selt-TegMlaUng  powers  will  be  seen. 

tears  tram  Figs.  176,  m  and  Vl%. 


Fig.  158. -Conventional  Representation 
OF  Long-Shunt  Dynamo. 
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Over-Compounding.  ^The  rpsult  of  such  even  action  as  de- 
scribed above  Is  the  maintenanee  of  constant  voltage  at  the  termin- 
als of  the  machine.  In  electrical  worl;  aii  sorts  of  conditions  may 
Lave  to  be  met.  A  very  usual  one  Is  that  on  a  circuit  a  constant 
voltage  is  required,  not  at  the  generating  plant,  but  in  the  Leart 
of  the   district,   perhaps   miles  away. 

In  an  over-compounded  dynamo  the  series  coil  la  given  so 
many  turns  in  proportion  to  the  turns  in  the  high  resistance 
Bhunt  coil  that  its  influence  overbalances  that  of  the  shunt  coll. 

The  effect  of  over-compounding  Is  to  cause  the  voltage  at  the 
terminals  of  the  machine  to  rise  witii  Increase  of  current.  The 
proportional  increase  of  voltage  with  increase  of  current  can  be 
accurately  regulated  by  the  relative  sizes  of  the  coils.  It  Is  only  , 
necessary  to  follow  what  has  been  said  of  the  series  dynamo,  and 
to  regard  the  compound-wotind  machine  as  a  series  dynamo 
greatly  reduced   in   its   characteristic   action. 

Over-compounding  enables  a  constant  voltage  to  be  maintained 
In  any  point  of  a  district.  The  resistance  of  the  mains  between 
the  dynamo  in  the  station  and  the  given  point  in  the  district  is 
known.  The  drop  in  voltage  due  to  that  resistance  varies  with 
the  current.  The  over-compounding  of  the  machine  can  be  regu- 
lated to  give  the  same  increase  in  voltage  with  the  increase  of 
current,  and  thus  the  voltage  at  any  desired  point  In  the  district 
can  be  kept  constant,   following  Ohm's  law. 

Example  of  Compound  Winding  Calculation. — Suppose  the  re- 
sistance of  a  single  lead  of  the  mains  to  be  0.01  ohm.  Then  that 
of  the  two  leads  is  0.02  ohm.  Suppose  a  maximum  current  of 
EOO  amperes  is  needed.  The  drop  due  to  the  specified  realstanca 
and  current  is  obtained  by  Ohm's  law: 

RI  —  E 

or  0,2  X  BOO  =  lO.O  volts. 

This  of  course  Is  an  extreme  case.  Rut  the  dynamo  by  over- 
compounding  cin  lie  made  to  vary  Its  voltage  at  the  terminals  in 
this  or  any  other  desired  proportion  to  the  current.  With  the 
resistance  given  above,  and  the  variation  in  voltage  for  the  cm- 
rent  as  calculated  above,  which  variation  \b  at  \^e  Xwc-wAwa.V'D. 
r  voltage  woald  persist  at  the  outeT  en.4  ol  'i.^ei  \ea.i*. 


260  ELECTRICIANS'  HANDY  BOOK. 

Excitation  of  Field  CoiU  in  Compound  Dynamos. — The  serie 
field  coils  of  dynamos  can  only  be  excited  by  the  working  cur- 
rent or  by  a  portion  of  it.     If  the  machine  is  compound-wound, 
the  series  coils  are  taken  care  of  by  the  machine.     The  shunt 
coils  may  receive  their  current  from  various  sources.    To  make 


the  machine  self-regulating,  it  would  seem  that  the  shunt  coi"K; 
should  be  fed  from  the  machine  proper.  This  practice  makes  th^B- 
dynamo  self-contained. 

Two  other  systems  of  shunt-coil  excitation  are  used.  In  one 
system  the  terminals  of  the  shunt  coil  are  connected  to  the  leads 
or  bus-bars  of  the  main  circuit;  in  the  other,  a  separate  source 
of  current  is  used  for  the  shunt  coils.  When  several  dynamos  are 
operated,  and  constant  potential  is  maintained  in  the  circuit  at 
all  times,  a  new  element  in  the  magnetization  of  the  field  is  in- 
troduced because  the  magnetization,  as  far  as  the  shunt  coil  is 
concerned,  in  this  arrangement  is  independent  of  the  speed  of 
the  dynamo.  The  excitation  becomes  zero  when  a  self-exciting 
dynamo  stops. 

Effect  of  Independent  Excitation  of  Shunt  Coil.— If  the  ter- 
minals of  the  shunt  coils  are  connected  to  an  always  active  outer 
circuit,  to  station  bus-bars  for  instance,  the  shunt  coil  excites  the 
field  as  long  as  the  connection  is  kept  closed.  As  the  dynamo 
runs  slower  the  field  excitation  diminishes,  but  with  less  rapidity 
than  before,  and  is  never  reduced  to  zero  until  the  bus-bar  or 
main  circuit  connection  is  broken.  It  is  a  case  of  under-com- 
pounding. The  great  advantage  of  it  is  that  it  makes  it  possible 
to  excite  the  field  before  starting  a  dynamo.  The  field  before 
the  armature  begins  to  rotate  is  not  only  excited,  but  the  correct 
polarity  is  established.  The  instant  the  dynamo  begins  to  work, 
electromotive  force  is  impressed  upon  the  armature  coils,  and 
there  is  no  diflSculty  in  bringing  the  voltage  up  to  that  of  the 
main  circuit.  .         ,^    . 

Disconnecting  or  Opening  the  Shunt  Coil. — The  capacity  of 
the  shunt  coil  is  considerable.     It  cannot  with  safety  be   dis- 
connected  by  a  simple  opening  of  a  switch.     A  bank  of  lamps 
ys  s^enerally  mounted  in  series  with  \l.    T\i^  ^^\^  X^x^a:*.  ^-^WrJcl 
^  placed  between   the  lamps  and  the  mam  iiVtcviVt..    ^^Ocl^vsl  \\.  va. 
PMeaed,  the  resistance  of  the  tamps  pxeNenU  >wi^\x^  ^^^xY.Va.%. 
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Separate  Excitation  of  Shunt  Coil.— The  shunt  coil  may  also 
be  excited  by  an   independent  source  of  electric  energy.     This 
may  be  a  storage  battery  or  an  exciting  dynamo.     The  separate 
excitation  brings  about  a  particular   result.     The  exciting  ma- 
chine will  be  run  at  a  constant  voltage,   so   that  the   current 
passed  through  a  separately  excited  shunt  coil  can  be  absolutely 
constant.     The    inevitable   variations    in   voltage    on    the   outer 
circuit  bring  about  some  variation  in  current  in  shunt  coils  fed 

from  the  bus-bars,  which 
variation  may  be  slight, 
but  it  exists.  Otherwise, 
the  result  of  separate 
excitation  is  not  to  be 
distinguished  from  outer 
circuit  or  bus-bar  exci- 
tation. It  gives  another 
dynamo  or  storage  bat- 
tery to  be  looked  after. 

Exciting:  Series  Coils 
from  Main  Circuit.— A 
very  obvious  way  of  ex- 
citing the  field  coils  of  a 
compound  dynamo  is  to 
send  current  through  its 
series  coils  from  the 
main  circuit.  This  is 
done  by  closing  two 
switches,  one  connecting 


->^ 


V. ^ 

Fia.  15X— SlPARATEIiV-ExciTEI)    Dyxamo. 


a  terminal  of  the  field  series-coil  with  one  lead  of  the  main  circuit, 
atid  the  other  connecting  the  other  end  of  the  same  coil  with  an 
equalizing  bar  or  by  special  connection  with  the  other  main-circuit 
lead.     This  leaves  the  armature  for  the  moment  out  of  circuit. 
The  dynamo  can  then  be  started  afid  brought  up  to  the  proper 
potential.     The  armature  has  electromotive  force  impressed  o\jl  \\. 
at  once,  and  excites  the  shunt  coil.     Thus  \t  \^  )oto\3i?;\v\.  ^VOcv  ^'^- 
ta/nty  into  action,  and  the  polarity  is  fixed  tTom  l\ie  ^\a.T\.. 
Separately^Excited  Generators,— The  sepaxaleV^-e^^VL^^  e^^^ 
wo  closely  approaches  the  magneto  iu  its  aeUot.,  a^  ^.>^^  ^'^^^^ 
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of  the  field  does  not  directly  depend  upon  the  current  generated. 
The  diagram,  Fig.  159o,  shows  the  connections  for  the  separ- 
ately-excited machine.  The  field-magnet  coils  are  entirely  separ- 
ated from  the  commutator  connections.  A  current  passing  through 
the  coils  produces  a  field  of  definite  and  irreversible  polarity. 
The  armature  rotates  in  the  field,  and  impresses  electromotive 
force  of  definite  polarity  on  the  circuit. 

[The  current  which  excites  the  field  magnet  may  be  derived  from 
a  small  dynamo,  or  from  any  source  desired. 

Action  of  the  Separateiy-Excited  Dynamo. — This  arrangement 
has  several  advantages.  The  absolute  irreversibility  of  polarity 
may  be  a  very  valuable  feature.  Thus,  when  storage  batteries  are 

being  charged  with  a  self- 
excited  machine,  the  polarity 
sometimes  becomes  reversed. 
In  such  a  case,  if  there  is 
any  charge  in  the  battery, 
it  discharges  through  the 
dynamo,  and  the  latter  be- 
comes a  motor,  and  the 
charge  is  wasted  and  lost. 
A  similar  trouble  occurs  in 
electroplating. 
But  with  separately-excit- 


FiG.  1501.— Rheostat  for  RKOuiiATiNG 
Separately- Excited  Dynamo. 


ed  machines  this  class  of  trouble  is  impossible.  If  its  voltage 
is  insufficient  to  fully  charge  a  battery,  it  will  at  any  rate  not  act 
as  a  motor  and  discharge  what  may  be  in  the  battery.  The  electro- 
plater  is  certain  that  with  a  separately-excited  dynamo  his  articles 
in  the  plating  bath  will  receive  the  desired  deposit  and  will  not 
strip  and  lose  what  they  have  received. 

Regulation  of  Separateiy-Excited  Dynamos  and  Magnetos.— 
There  are  three  general  factors  of  regulation  of  magnetos  and 
separately-excited  generators. 
The  speed  of  rotation  of  the  armature  may  be  altered.     This 
changes  the  lines  of  force  cut  m  a.  ?»vv^ii  ^^^lod.    10*  lines  of 
force  cut  per  second,  it  vj\\\  "be  xemeTcOo^T^^,  ^v^^'s.  o^^  ^^v. 
^e  brushes  may  be  pushed  toTN^jaxeL  ot^  Vsv^  ^csmTa>\V^\.^x.  '^x^^ 
educes  demagnetizing  tuma  Vn  ptopoxt^oTi  \.o  XX.^  ^^-.^t.^^  ^ 
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the  brushes.  This  is  described  in  Chapter  XIV.  Thus  the  mag- 
netic circuit,  although  produced  by  separate  excitation,  can  be 
reduced  by  self-regulation. 

Another  way  is  to  change  the  normal  magnetic  flux  through  the 
armature  by  outside  means.  An  old  device  with  magnetos  was 
to  provide  a  movable  piece  of  iron,  which  could  be  moved  toward 
or  away  from  the  poles  of  the  magnet.  This  as  it  approached 
the  poles  shunted  off  more  and  more  of  the  lines  of  force  from 


^ 


Fig.  160.— SKPARATE-CiRCxnT 
Dynamo. 


Fig.  161.— Separately  and  Self- 
Exciting  Series  Dynamo. 


the  armature,  weakening  the  field  and  reducing  the  electromo- 
tive force.  In  separately-excited  machines  the  current  passing 
through  the  field-magnet  coils  can  be  weakened  by  the  introduc- 
tion of  resistance  into  the  exciting  circuit,  or  by  any  other  means. 
A  rheostat;-like  arrangement  can  be  introduced  to  cut  out  some 
of  the  coils  of  the  field,  as  shown  in  Fig.  159a,  in  which  R  denotes 
the  rheostat. 

The  Separate'ClrcuM  Dynamo  has  either  l^o  ^^^^\%Xfc  ^xxssa* 
tures  in  the  field  space,   or  has  two  seta  ol  coW^.    ^VV2«\«^^^ 
It  Is,  one  armature  or  coil   set   is  used  to   eneVle  VVl^  ^^^>  '^ 
other  to  supply  the   current  to    the   circMit.     FVfe.  ^^^   ^"^^"^^ 
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diagram  of  such  a  dynamo  with  two  commutators,  from  one  o 
which  the  field  current,  and  from  the  other  of  which  the  fiel< 
magnet  current  is  taken. 

Separately  and  Self-Excited  Dynamo.— The  diagram,  Fi^- 
161,  shows  this  machine,  in  which  a  current  from  an  outsid^^- 
source  passes  through  one  field  cctil,  and  the  main  current  c»f 
the  dynamo  passes  through  a  second  field  coil. 

Multipolar  Dynamo  Connections. — To  avoid  complication  and 
to  give  diagrams  readily  understood,  only  two-pole  machines  have 
been  illustrated  in  this  chapter.    But  everything  which  has  been 
shown  for  such  machines  applies  to  multipolar  machines.     The 
conventional  diagrams  may  be  used  for  multipolar  machines  ex- 
actly as  employed  in  this  chapter.     The  few  turns  of  wire  indi- 
cated may  refer  to  the  winding  of  any  number  of  poles. 

Conventional  Representations  of  Machines. — The  tendency 
of  engineers  is  to  simplify  their  diagrams  as  much  as  possible 
and  to  indicate  a  machine  with  numerous  poles  by  a  few  lines 
only,  as  if  it  were  of  the  simplest  construction.  Except  for  small 
machines  the  bipolar  construction  may  be  considered  to  be  de- 
finitely abandoned,  as  is  explained  elsewhere.  The  brushes  are 
conventionally  drawn  as  if  they  were  set  tangentially.  This  is 
done  for  a  purpose,  as  it  serves  to  indicate  the  direction  of  rota- 
tion of  a  machine.  Often  this  is  not  essential  as  far  as  the  draw- 
ing is  concerned,  and  the  brushes  may  be  shown  as  radial  brushes 
or  lines,  as  in  Fig.  159a. 

Later  the  representation  of  an  alternating-current  machine  will 
be  spoken  of,  and  it  will  be  seen  that  the  distinction  between  the 
direct-current  and  alternating-current  machine  depends  upon  the 
representation  of  the  brushes. 

In  these  conventional  figures  those  remain  in  use  which 
are  the  simplest  and  most  effective  as  regards  freedom  from 
misunderstanding. 


SQUU  I 

W  de-  I 


CHAPTER    XIV. 

ARMATITRG  REACTIONS. 
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Armature  Polarity  Due  to  Its  Windings.— The  a 

dlrecl-cu'Tent  (lynamQ,  by  the  polarity  it  acquires  from  its  wind 
ingB,  modifies  the  course  of  the  iines  of  force.  If  the  dynamo  is 
Idle  or  on  open  circuit,  no  current  passes  through  the  arma-ture 
and  any  lines  of  force  which  may  exiat  go  straight  across  trorr 
field  magnet  poles  to  the  armature  core. 

But  the  current  which  goes  through  the  windings  of  a  dynamo 
■  or  motor-armature  operates  to  produce  north  and  south  poles  it 
It.  These  are  situated  at  points  about  equally  diHlani  from  thi 
poles  of  the  fletJ,  In  a  bipolar  machine  the  line  connecting  tfai 
north  and  south  poles  of  the  field  Is  approximately  or  exactly  a' 
right  angles  to  the  Hue  connecting  the  north  and  south  poles  o. 
the  armature  core. 

Action  ol  Field  Poles  on  Armature  Core. —The  field  polei 
tend  to  induce  polarity  in  the  parts  of  the  core  nearest  to  them 
tie  north  pole  inducing  south  polarity  aud  the  south  pole  nortl 
Warity.  The  effect  of  the  combination  of  polarities,  one  due  ti 
t^B  field  poles'  induction  and  the  other  to  the  induction  of  thi 
armature  windings,  is  to  give  resultant  poles  to  the  armature  a 
intermediate  points. 

The  lines  of  force  emerge  from  one  pole  of  the  field,  gt 
"bliquely  to  the  opposite  resultant  pole  of  the  armature,  obliquel; 
through  the  armature  to  its  opposite  corresponding  pole,  aiK 
ttence  obliquely  to  the  adjacent  pole  of  the  field. 

field    Distortion.— This  armature   reaction    Introduces  tQa.&' 

teBdy  an  element  of  complexity  into  the  subifecl.    \V  \s  -no  \QM'i! 

*  siiapie  set  of  straight  Ifnes  of  force  whielrv  towa\.\lw.Vft  'Co-ft  * 

liut 
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Armature  Reaction  Diagrams-— 1'be  reaction  of  the  magnet- 
ized armature  core  ia  easily  understood  from  an  inspection  of 
the  diagrams. 

The  diagram.  Fig.  162,  shows  an  idle  armature  lying  between 
two  pole  pieces  of  an  active  field  magnet.  The  wlrea  are  indicated 
by  circles.  Those  with  crosses  show  the  current  going  away 
from  the  observer,  those  with  dots  the  current  approaching; 
those  with  neither  show  Idle  wire.    The  iron  core  of  the  arma- 
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Fid.  163.— Excited 


tirre  lias  induced  in  it  two  poles  opposite  those  of  the  field  rang- 
aet.  and  the  general  course  ol  the  lines  ol  tcnte  \a  Vadlcated  by 

Hotted  JIaes. 
The  diagram.  Fig.  163.  shows  an  excW-ei  MTfia.*OKft  ^>^-«i«o.  ■Om 

»"w  of  an   idU   field.      There  the  poles  \iv  *«  »vn«ta«*  W*  ^ 
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right  angles  to  the  field  pole  pieces,  and  the  same  conventional 
signs  are  used  for  the  currents  in  the  wires.  '  The  armature  poles 
in  this  figure  are  at  N  and  S. 

In  Fig.  164  both  field  and  armature  windings  are  supposed  to  ho 
passing  current.  It  will  be  seen  that  there  are  four  poles,  two  N 
poles  and  two  S  poles,  each  pair  at  right  angles  to  the  other. 
The  S  pole  of  the  field  tends  to  establish  an  N  pole  in  the  arma- 
ture core  opposite  to  itself.  The  N  pole  of  the  field  tends  to 
establish  an  opposite  and  corresponding  S  pole  in  the  armature 
core.  The  windings  of  the  armature  tend  to  produce  their  own 
poles  on  the  vertical  line  as  shown.  The  resultant  poles  in  the 
armature  lie  between  the  two  pairs.    The  resultant  N  pole  lies 


S 
Fig.  164— Excited  Armature  in  Excited  Field. 

In  the  right-hand  upper  quadrant;   the  resultant  S  pole  in  the 
left-hand  lower  quadrant. 

Varying  Densities  of   Field. — Not  only  are  the  poles  of  the 
armature  core  thus   displaced  out  of  symmetry.     The  lines  of 
force  are  densest  in  distribution  between  opposite-named  poles 
of   the   field   and    armature   core.     They    are   crowded    together 
toward  the  horns  or  ends  of  the  pole  pieces  that  lie  in  the  direc- 
tion of  the  motion  of  the  armature.    They  are  thinned  out  at  the 
other  horns.     All  this  is  shown  in  the  cut.     This  crowding  to- 
gether of  the  lines  of  force  is  due  to  a  reaction  between  t\v^  Q.<:iM^ 
poles  and  the  field  poles.    This  reaction  in  t\ve  esi^^  ^o^^  Vc^X^we^ 
JJjg^rire  tends  to  displace  the  S  field  pole  up^avei  ^.tl^  ^Ocv^e^  ^  ^^* 
pole  downward  again  in  the  direction  ot  TOlaUow. 
Were  there  no  displacement  of  poles,  tlie  po\eB  ol  X^ve  ^^^^' 
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should  lie  upon  a  line  at  right  angles  with  the  line  connecting  N 
and  S  poles  of  the  field.  In  the  three  figures  these  poles  would 
lie  on  the  vertical  line.  But  owing  to  the  armature  reaction,  the 
brushes  have  to  be  shifted  in  a  dynamo  in  the  direction  of  the 
rotation.  Their  line  of  position  is  now  oblique  to  the  line  con- 
necting the  centers  of  the  field  magnet  poles. 

Neutral  Points. — The  points  connected  to  the  brushes  are 
termed  the  neutral  points.  These  normally  lie  at  the  ends  of  the 
oblique  diameter  described  in  the  last  paragraph. 

It  is  perfectly  evident  that  the  armature  reaction  may  vary 
under  different  conditions  of  load.  Especially  is  this  to  be  looked 
for  in  shunt  or  compound  wound  dynamos.  The  neutral  points 
vary  according  to  the  relative  intensities  of  magnetization  of 
field  magnets  and  armature  cores. 

Brush  Adjustment. — To  meet  this  variation  of  positions  of 
the  neutral  points,  the  brushes  are  mounted  on  a  rocker  so  as  to 
be  movable  back  and  forth.  They  are  rigidly  connected  with 
each  other,  so  as  to  always  be -at  opposite  extremities  of  a  diame- 
ter, but  by  turning  their  mounting  or  "rocker"  back  and  forth, 
their  position  can  be  made  to  coincide  with  that  of  the  neutral 
point. 

Demagnetizing  Turns. — The  brushes  are  advanced  from  the 
ends  of  the  symmetrical  line  of  the  armature  through  a  distance 
which  may  be  stated  in  terms  of  an  angle  of  so  many  degrees. 
If  we  go  back  from  each  brush  against  the  direction  of  rotation 
a  distance  equal  to  twice  this  angle,  we  get  a  space  called  the 
demagnetizing  belt,  and  the  turns  of  wire  comprised  in  this  belt 
are  called  demagnetizing  turns.  In  the  cuts.  Figs.  165  and  166, 
the  condition  is  shown,  n  w'  is  the  line  connecting  the  neutral 
points;  a  &  and  c  d  cover  the  demagnetizing  turns.  The  same 
conventional  signs  show  the  direction  of  current.  It  is  obvious 
that  the  demagnetizing  belt  is  working  against  the  field-magnet 
turns,  and  reducing  the  intensity  of  the  field  of  force.  The 
brushes  should  be  kept  as  near  the  symmetrical  points  as  possi- 
ae.     The  arrows  in  Fig.  165  show  the  general  direction  of  the 

'mature  currents. 

eduction  of  Fleid  Density.— HeEetTiiis  lo  llie  same  figures, 
rns  outside  the  demagnetizAng  belt  lenei  lo  ^\mVa\^\i  ANsfiBJa^ 
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the  intensity  at  field.  This  is  by  their  action  in  crowding  together 
the  lines  of  force  a.t  the  advanced  horns  of  the  field  magnet  poles. 
This  reduces  the  permeability  of  the  Iron  at  that  point,  and 
hence  reduces  the  ileld  density  or  intensity. 

Demagnetizing  turns  are  entirely  distinct  from  the  armature 
reactions  described  on  the  preceding  pages.  The  turns  jn  the  de- 
nkagnetlzlng  belt  are  in  direction  of  current  the  reverse  of  those 
in  the  Held  magnet. 

Action  of  (he  DemagnetizlDg  Turns.— The  action  of  the  de- 


magnetizing tuma  is  to  weaken  the  field.  The  armature  core  is 
a  part  ot  the  magnetic  circuit,  and  whatever  affects  the  lines  of 
force  which  go  through  it  affects  the  whole  circuit.  The  demag- 
netizing coils  have  no  action  except  when  a  current  is  going 
through  them,  and  their  action  varies  with  the  Intensity  ot  the 
carrent.  It  is  simply  a  matter  of  ampere  turns  working  In 
opposition  to  the  ampere  turns  of  the  field. 
'  The  electromotive  force  of  dynamos  naturally  rises  as  the  speed 
Increases.  But  moat  series-wound  machines  reach  a  maximum, 
and  then  tend  to  fall  off  in  electromotive  force.  It  is  due  In 
groat  part  to  the  advance  of  the  brushes  under  increased  load. 
This  throws  more  turns  of  wire  Into  the  demagnetizing  turns, 
and  thereby  Increases  the  counter  or  back  ampftte  \.MtTia.  T\ia 
iistortJoB  or  the  linee  of  force  has  also  BometWug  to  4*^  ^VCa  'Co-N.*- 
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Dead  Turns, — It  follows  from  the  above  and  from  some  other 
reactions  which  may  be  included,  that  the  increase  in  electro- 
motive force  is  not  strictly  proportional  to  the  speed.  Thus,  if 
the  electromotive  force  were  to  be  increased  ten  per  cent,  it 
might  be  necessary  to  increase  the  revolutions  twelve  per  cent. 
The  extra  revolutions  of  the  armature  required,  above  the  propor- 
tion of  the  voltage  gained,  are  called  "dead  turns." 

Spurious  Resistance. — Self-induction  in  a  conductor  does  two 
things.    It  resists  the  starting  of  a  new  current  through  a  con- 
ductor, and  tends  to  pro- 
I  long  the  passage  of  an  ex- 

isting current  if  anything 
occurs  to  diminish  it.  The 
latter  action  is  what  pro- 
duces the  spark  on  open- 
ing the  circuit  of  a  spark 
coil.  Consulting  Fig.  167, 
it  will  be  seen  that  one 
coil  of  an  armature  is 
shown  short-circuited  by 
one  of  the  brushes.  As  the 
armature  rotates,  coil  after 
coil  is  thus  short-circuited. 
T  and  U  have  just  been 
short-circuited,  and  W  and 
X  will  next  be.  The  self-induction  acts  to  send  a  current  through 
the  coil  for  perhaps  only  a  portion  of  the  exceedingly  brief  period 
when  it  is  short-eircuited.  This  is  a  loss  of  energy.  As  it  passes 
on,  a  new  current  has  to  be  started,  and  is  resisted  by  its  self- 
induction.  This  is  another  loss  of  energy.  These  actions  increase 
in  degree  with  the  speed,  and  reduce  the  current.  They  act  like 
resistance,  and  the  term  spurious  resistance  is  applied  to  them. 
Spurious  resistance  increases  with  the  speed  of  rotation. 

Anything  which  will   reduce  the  inductance  of  the  armature 
wJJJ  reduce  spurious  resistance.    TYie  tewer  turns  of  wire  in  the 
"mature,  the  less  will  the  inductance  aiv^  V\v^  ^\>\\x\c>\v.'a»\^'s\^\a.\!L'ii«i 
BiJt  in  designing  dynamos  and  tiio\.oT^,  «^\vc\w\."^  T«s\^\»jcksy^ 
*2ier  a  minor  consideration. 


Fig.  167.— Shobt-Circuitinq  of  an 

ABMATUBB  COUi  BT  A  BbUSH. 
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Eddy  or  Foucault  Currents.. — If  electromotive  force  is  im- 
pressed upon  the  windings  of  an  armature,  it  follows  that  it  will 
also  be  impressed  upon  all  metal  parts  of  it.  The  core  is  not 
only  not  exempt,  but  its  periphery  is  subject  to  nearly  as  strong 
induction  as  the  coils  themselves.  Accordingly,  currents  whose 
direction  is  determined  by  the  regular  laws  of  induction  are  pro- 
duced in  them.  These  currents  existing  within  the  mass  of  the 
.metal  are  termed  eddy  currents  or  Foucault  currents.  The  por- 
tions of  the  metal  nearest  the  surface  are  most  impressed  with 
electromotive  force;  the  outer  portions  cut  more  lines  of  force 
per  revolution  than  do  the  inner  portions  of  the  core.  The  elec- 
tromotive force  impressed  on  one  side  of  the  core  is  of  opposite 
polarity  to  that  impressed  on  the  other. 

Differential  action  of  electromotive  force  on  a  conductor  will 
set  up  currents  according  to  Ohm's  law.  These  make  themselves 
known  by  the  heat  which  they  produce  in  the  metal  in  which 
they  are  generated.  A  copper  or  iron  wheel  rotated  rapidly  in 
a  strong  electric  field  becomes  hot  from  the  generation  in  it  of 
eddy  currents. 

Eddy  Currents  in  Armature  Cores. — Energy  is  expended  on 
the  production  of  these  currents,  which  is  totally  lost  as  far  as 
any  useful  effect  is  concerned.  There  is  no  available  way  of  sup- 
pressing them  in  armature  cores  except  by  a  somewhat  crude 
method.  The  core  is  built  up  of  a  quantity  of  pieces  of  thin 
iron,  insulated  from  each  other,  and  set  at  right  angles  to  the 
direction  in  which  the  impressed  electromotive  force  tends  to 
produce  a  current.    It  is  called  a  laminated  core. 

A  cylindrical  armature  core  is  accordingly  made  of  a  pile  of 
circular  disks  of  thin  iron.  Between  them  are  placed  layers  of 
some  insulating  material,  such  as  paper,  and  thus  the  possible 
path  of  the  currents  is  so  much  shortened  that  they  amount  in 
the  aggregate  to  comparatively  little.  The  object  is  thoroughly 
attained  by  making  the  disks  as  thin  as  possible  and  insulating 
them  well. 

Eddy  Currents  In  Core  Disks. — Eddy  currents  stx^  ^^\aX:\S.^^\ 
fn  core  disks,   though  of  relatively  little  impoxlawQ^.    'tXv^  ^^^'^^ 
Fiff.  168,  shows  how  such  currents  act  in  lamitiaUow^.   ^"^^  ^:^Vi^^^ 
ness  of  the  lamination  is  greatly  exaggerated  \xi  X^o.^  ^^^' 
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dy  Currents  in  Pole  Pieces.— Any  alteration  in  the  distribi-raM 
of  the  lines  of  force  in  the  field  will  cause  eddy  currents  i^:^ 
contiguous  masses  of  metal.  Thus,  eddy  currents  may  In- 
duced in  the  pole  pieces  of  the  field  magnet  if  the  iron  cor-  ^ 
:he  armature  is  not  perfectly  cylindrical.  Some  types  of  arm^a.- 
e  have  projecting  teeth  of  iron,  the  disks  being  out  of  contour  x 
give  projections.    These  teeth,  as  they  sweep  past  the  smoodi 

circle   of  the   pole   pieces. 

virtually  carry  an  intense 

little  field  of  force  of  their 

own  with  them,  and  thus 

start  eddy  currents  in  the 

pole  pieces. 

Every  eddy  current  rep- 
resents joules  of  energy, 
and  has  to  be  accounted 
for  in  the  power. 

End  Leakage  of  Lines 
of  Force  in  Armature,— 
Lines  of  force  may  leak 
around  into  the   flat  ends 


Fio.  168.—EDDT  Currents  in  Armature 
Laminations. 


of  the  armature  core.  These  will  be  enough  to  start  currents 
flowing  through  these  disks.  If  the  armature  core  extends  out 
beyond  the  pole  pieces,  this  source  of  eddy  currents  is  disposed  of. 

Eddy  Currents  In  Conductors. — If  the  conductors  or  windingf 
of  an  armature  are  very  thick,  eddy  currents  may  be  produced  i] 
them.     This   makes  them   carry  several   currents,   one   runniu 
counter  in  part  of  its  course  to  the  regular  current. 

All  eddy  currents,  representing  loss  of  power  or  waste  of  e 
ergy,  must  be  suppressed  as  far  as  possible.     The  worst  on 
which  can  be  produced  are  core  currents,  and  these  are  mini 
ized  by  laminating  the  core. 


CHAPTER  XV. 

CHARACTERISTIC   CURVES. 

Kteristlc  Curves.— The  action  of  dynamos  under  varloua 

)ns  is  represented  by  wliat  are  known  as  characteristic 
These  are  diagrams  constructed  on  the  usual  basis  o( 
lines  at  right  angles  to 
each  other.  The  vertical 
line  may  be  divided  into 
parts  representing  volts — 
generally  the  dlllereiice  of 
potential  between  the  ter- 
minals ot  tbe  dynamo.  Tbe 
horizontal  line  may  be  di- 
vided into  parts  represent- 
ing amperes.  The  vertical 
and  horizontal  scales  may 
also  be  given  other  mean- 
ings. 

Hopkinson,  who  In  ISTU 
first  proposed  tbis  way  of 
representing  the  action  of 
a  dynamo,  used  the  values 
of  the  total  electromotive 
force  Cor  the  vertical  line. 
Fig.  169  is  an  example 
of  a  characteristic  curve, 
E,  of  a  series-wound  dyna- 
mo. It  shows  the  electro- 
force  tor  small  currents  Increasing  much  more  rapidly 
does  when  the  current  increases.  It  is  evident  that  with 
current  taken  out  of  the  machine,  the  electromotive  ttmsa 
eoiaiD  practically  constant. 
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The  Tariations  in  curreni  are  produced  with  constant  qm 
rotation  by  changing  the  external  resistance.     The  interna 
sis'.acce  remaining  constant,  and  the  field  excitatioB  Turins 
the  current  intensity,  are  two  of  the  controlling  factors  it 
produce  "[he  curve 

Horse-Fower  Lines. — Seven   hundred   and    fortr-$Lx  watt 
voU-amperes  are  an  electrical  horse-power.     Points  on  a  olt 


JO  40  su 

Fiij.  1T«;.— HoBsa-PowBK  LinsSw 


•■■:•' SI. :•:  «Mi"v«r  'iia.^irani  «:aii  be  deter niined  where  the  produ' 
*'i'-  '.'j'.' <  ;j:]«i  i.'ijijt.T'.s  :s  iMiMa!  'o  74»).  These  points  joined 
i<  uii«r-.i«j.*>t.-|j«j  v'rf  .ii:-. e.  'jT.lier  T;oiiirs  are  where  the  prodii 
'•'  .  vijj'-j  iM.i  :i;ji;,i.'rv.^  's  -iiua'  o  7 !♦)  %  2  or  1492  watts,  whicl 
tAiuij!  'tj  i.'vi;  li<.']S'.-:,u.vM--i.  T'lHst^  poinis  connected  give  a 
liuiS'.-iJow^.T  '.ii:  V..-.  'I'h.?  :jnx«.bs  i:>  carried  out  tor  other  h 
prs,  a.s  shuMi    :]i    -/^-^    ;  ;  j. 

character  is  I  i«j  <.'urvt.'  in  ■.onneciiou  with  this  set  of  h 
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:aracteristlc   Curves. — The  action  ot  dynamos  under  varloua 

Itlons  Is  represented  by  what  are  known  as  characteristic 

es.  These  are  diagrams  constructed  on  the  usual  basis  ol 
lines  at  right  angles  to 
each  other.  The  vertical 
tine  may  be  divided  Into 
parte  representing  volte — 
generally  the  difference  of 
potential  between  the  ter- 
minals of  the  dynamo.  The 
horizontal  line  may  be  di- 
vided Into  parts  represent- 
ing amperes.  The  vertical 
and  horizontal  acalea  may 
also  be  given  other  mean- 
ings. 

Hopkinaon,  who  in  1871t 
first  proposed  this  way  of 
representing  the  action  of 
a  dynamo,  used  the  values 
of  the  total  electromotive 
force  Cor  the  vertical  line. 
Fig.  169  is  an  example 
of  a  characteristic  curve, 
E,  of  a  series-wound  dyna- 
mo.    It  shows  the  electro- 

ve  force  for  small  currents  Increasing  much  more  rapidly 
it  does  when  the  current  Increases.     It  Is  evident  that  with 

Sh  current  taken  out  of  the  machine,  the  eleclTomoVwfe  iwwfc 

tf  remala  practically  constant 
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InterpretatlaD  of  Characteristic  Curves.— The  resistance  of  a 
.  working  dynamo  and  its  circuit  is  made  up  of  various  compo- 
nents. The  totai  diararteristic  gives  tlie  equivalent  in  ohmii; 
resistance  ol  true  an<i  spurious  resistance  under  different  condi- 
tions. By  Ohm's  law  resistaoce  is  equal  to  eleciromotive  force 
divided  by  current,  or    R  =  .?. 

In  the  characteristic  curve  diagram,  E  is  givEn  by  the  vertical 
distance  (ordinate),  I  hy  the  horizoatal  distance  (abscissa). 
DividiuR  one  by  the  other  we  get  resiatance  in  ohms  Or  draft 
fng  a  line  from  the  lower  left  hand  corner  (origin)  to  any  pom 
on  the  cuive  the  tangent  of  the  angle  that  line  makes  with  thp 
horizontal  line  will  be  proport  onal  to  the  resistance  at  tie  point 
in  question 

This  gives  another  has  is  for  interpretation  If  resistance  is 
increased  the  line  making  with  the  horizontal  an  angle  whose 
tangent  is  equal  to  the  resistance  will  swing  back  to  the  ieft  so 
aa  to  increase  the  angle  This  Increasing  of  the  angle  will 
increase  the  tangent  which  is  as  it  should  be  because  the  tangent 
represents  resistance  which  bv  the  condition'?  assumed  also  in 
creases     Such  a  line  Is  called  somet  mes  the  vector  line  of  watta 

As  it  approaches  the  vertical  the  tangent  !ncrea«eB  and  if  the 
value  of  the  current  mtensltj  or  of  1  is  liept  con  tant  the  value 
of  the  elettromotHe  force  or  of  E  w  11  Increase  When  the 
tangent  of  the  angle  becomes  mfin  telv  sreat  then  an  Infinite 
Electromotive  force  will  le  required  to  ma  ntain  a  finite  current 

Data  for  External  Characteristic  Curves  — ^  hen  the  volt 
meter  ani  ammeter  have  been  U'iel  to  determine  the  relations  of 
current  ani  ele  tromol  ve  tone  in  a  dvnama  under  different  out 
puts  the  lala  are  obtained  tor  charicterist  c  curves  Here  an 
important  distinction  is  to  he  drawn  The  voltmeter  gives  the 
potential  diflprpncp  exl-sting  on  (he  o  iter  circuit  only  The 
amperes  ei  en  by  the  ammeter  are  those  which  pass  through  tl  " 
whole  cir  uit 

nata  fok    Total   Characteristic   Curves  — Thli  is  a  distinction 
(jh  often  ha^;  to  Tie  made      \mT)ei  es  are  identical  over  ail  parts 
^iPcHi/.     Volls  vary  In  proportion  to  the  relative  resiatancee 
Vie  of  the  circuit  affected.    It,  bavlTi^  o\rta.\\iei  "ifea  4aSa.    ' 
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.  external  characteristic,  the  electromotive  force  ot  tho 
whole  circuit  can  he  siilistituted  for  the  potential  diflerence  given 
by  the  voltmeter,  the  new  data  will  give  the  total  characteristic. 
The  resistance  of  the  dynamo  heing  known.  Ohm's  law  gives 
the  electromotive  force  of  the  system.  Suppose  a  current  of  GO 
amperes  Is  taken  on  the  external  characteristic,  the  dotted  line 
curve  e.  Fig.  171;  this  gives  CO  volts.    By  Ohm's  law  the  external 

resistance  is  equal  to  _or---  ^1.2  ohms.    The  internal  resist- 

i        60 
ance  of  the  particular  dynamo  tested  was  0,6  obni.     The  total 
resistance  of  the  circuit  was  therefore  1.2  +  O.G  =  1.8  ohms.    The 
electromotive  force  of  the  whole  circuit  at  50  amperes  oC  current 
Is  now  deduced  by  Ohm's  law:   B  =  R  I  ^=  1.8   X   50  =  90  volts. 

Drawinj;  Characteristic  Curves.— In  the  ways  above  described 
a  number  of  points  on  a  characteristic  curve  are  found,  and  from 
these  the  curve  is  constructed  For  each  value  of  current  strength 
a  value  of  \oitage  as  given  by  the  voltmeter  for  an  external 
characteristic  is  given  anJ  a  \alue  of  electromotive  force  calcu 
lated   as   ilove  for  the   total   charactei  istic   in   also   given 

These  loiuts  are  marlied  upon  a  sheet  of  paper  The  curreat 
measurements  are  tal  en  on  horizontal  lines  the  voltage  and 
electromotiie  force  measurements  on  verti  al  lines  The  curve 
is  then  drawn  through  these  points  A  thin  flexible  strip  of  wood 
called  a  spline  is  a  simple  appi  ance  for  such  purposes  A  more 
efficient  in'jtrument  is  the  flexible  r  Uer  Its  construction  is 
based  on  the  use  of  a  bar  of  leid  This  is  bent  to  any  desired 
curve  anl  holds  Itb  shape  The  splines  spring  batk  when  re- 
lease! 

The  easier  haracteristic  to  get  Is  the  external  It  has  to 
precede  the  total  characteristic  Its  data  are  absolute  and  useful 
The  data  of  thp  total  calculated  as  leacr  bed  leave  armature 
reactions  o  it  of  account  ^"ben  a  bararteristlc  is  given  and  no 
statement  is  made  that  It  is  a  total  characteristic  it  may  be 
taken  as  an  p\terna!  one  It  Is  had  practice  not  to  state  whether 
a  charif ttriitic    s  eyternai  or  iota 

In'eroal  Characteristic  It  is  ob\iois  that  there  is  an  inter 
nal  chaia  icri'Jt  Th  is  lased  on  unvarvms  'CP?,\s,VMn.'i  \\.  v* 
tberefore  a     Iralght  line 
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We  may  prove  this  by  returning  to  the  radius  vector  of  watts. 
If  realBtftnee  Is  conatant.  the  tangents  ot  all  radius  vectors  ol 
wattB  mtiBt  be  constant.  This  la  equivalent  to  Baying  that  all 
Bucti  radius  vectors  must  coincide  in  direction.  They  will  all  ho 
represented  therefore  hy  parts  of  one  straight  line.  They  will 
vary  among  themselves 
only  in  length  measured 
from  the  lower  left-hand 
corner   (origin). 

Termlnolosy  ot  Ans* 
lyticnl  Qeometry.— The 
word  given  in  parenthe- 
ses is  one  of  the  terms 
used  in  analytical  geom- 
etry. The  vertical  line 
on  the  left  is  the  axis 
of  Y  or  of  ordinates;  the 
lower  horizontal  line  is 
the  axis  of  X  or  of  abscla- 
Bas;  horizontal  lines  are 
abscisBBB;  vertical  lines 
are  oriiinatea;  the  inter- 
section of  the  axes  of  X 
and  Y  Is  the  origin. 

Line    ol    Ohms.— Tha 

diagram  hitherto  has  not 

directly  shown  ohms.    It 

Is   divided    into   squares. 

A  diagonal  to  the  lower 

left-band  square  drawn  from  the  origin  will  be  an  angle  of  45° 

with  the  horizontal,  and  Its  tangent  will  be  1.  This  Is  taken  as  1 

ohm.  The  vertical  line  or  ordinate  through  the  right-hand  end  of 

this  square  Is  taken  as  the  line  of  ohms.    A  radius  vector  of  watts 

drawn  to  any  part  of  the  curve  will  have  Its  tangent  given  by  the 

K  of  this  vertical  line  cut  off.    The  value  ot  this  tangent  will 

the  ohms  resistance.     In  the  diagram.  Pig.  172,  the  reaist- 

t  the  point  B  Is  Z  ohms,   Bit  A-  4  ohms,   and  so  on. 

»  Ol  obma  is  erected  on  rtvft  ^oVa^.  "i^O  o^  "Cii*  ■<«»«  Ya*, 
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The  line  from  O  to  B  is  the  radius  vector  of  watts.    It  Intersects 

the  line  of  ohms  at  a  distance  2  from  the  base,  taking  the  side  of 

a  square  as  unity.    This  shows  that  at  the  point  B  the  resistance 

is  2  ohms.     As  B  corresponds  to  90  volts  and  45  amperes,  by 

F  90  volts 

Ohm's  law  R  =  — ^  = or  2  ohms,  which  corresponds 

A       45  amperes 

with  the  diagram. 

On  the  same  diagram  the  resistance  line,  or  line  of  ohms,  can 
be  used  for  either  internal  or  external  characteristic.  The  inter- 
section of  the  internal  radius  vector  of  watts  with  it  will  give 
the  constant  internal  resistance. 

General  Notes  on  Characteristic  Curves. — The  changes  of 
resistance  are  effected  by  the  manipulation  of  the  outer  circuit 
by  the  observer.  Resistance  is  thrown  in  and  out  as  desired,  in 
order  to  get  the  different  points  of  the  characteristic. 

To  give  a  characteristic  any  meaning,  one  of  the  factors  must 

l>e  kept  constant.     This  is  always  the  revolutions  per  minute. 

But  a  characteristic  could  be  based  on  fixed  resistance,  and  the 

changes  in  current  and  voltage  could  be  brought  about  by  varying 

the  speed.    Then  the  tangents  of  the  radius  vectors  of  the  watts 

curve  being  equal  as  denoting  the  resistance,  the  curve  would 

^erge  into  a  straight  line. 

^ixed  current  might  be  the  basis.  Then  the  characteristic 
^'<^uld  become  a  simple  vertical  line.  Its  position  would  give  tho 
^^perage.  Its  length  would  give  the  voltage  as  long  as  the 
^^slstance  was  unchanged.  If  the  resistance  was  increased,  the 
^"^dius  vector  would  cut  it  higher  up,  and  the  voltage  would  be 
^^"^'en  by  the  place  of  intersection. 

Fixed  voltage  as  a  basis  would  give  a  horizontal  line,  whose 
*®iigth  would  give  the  amperage.  The  intersection  of  the  radius 
'^^tor  with  this  line  determines  the  amperage  corresponding  to 
^^Y  desired  resistance. 

This  makes  it  clear  why  characteristics  are  given  with  fixed 
speed  of  rotation.  The  straight  lines  do  not  give  the  peculiarities 
of  a  dynamo  as  fully  as  do  the  curves.  By  changing  the  speed, 
We  virtually  change  one  dynamo  into  another. 

Critical     Current. — A  characteristic  curve  ot  ^.  ^^x\fe^  ^"^^^xa« 
starts  as  a  nearly  straight   line.     At  its  XiegXxoim?*  V^  \^^\»a 


2S0  ELECTRICIANS*  HANDY  BOOK. 

vectors  are  virtually  one  except  in  length.  At  first  doubling  the 
voltage  doubles  the  current  approximately.  But  after  a  while  the 
curve  bends  to  the  right.  On  examining  Fig.  170,  it  will  be  seen 
that  for  a  given  increase  in  voltage,  the  amperage  will  increase 
more  rapidly  than  before.  The  point  where  this  change  is 
noticeable  is  a  sort  of  critical  point.  The  current  corresponding 
to  it  is  called  the  critical  current.  It  is  obvious  that  there  is 
nothing  accurate  about  it.  The  critical  current  is  the  minimum 
current  required  to  excite  the  field.  With  insufficient  ampere 
turns,  a  field  magnet  will  not  produce  an  adequate  Intensity  of 
field.  Therefore  with  a  series  dynamo  too  high  an  external 
resistance,  cutting  down  the  current,  will  weaken  the  field.  This 
weakening  may  be  enough  to  arrest  the  dynamo  in  its  functions, 
and  cause  it  to  give  hardly  any  electromotive  force.  It  may 
easily  prevent  it  starting  into  action  from  inaction. 

A  series  dynamo  must  be  started  on  low  external  resistance, 
and  the  resistance  must  never  be  so  high  as  to  cut  the  current 
down  below  the  critical  value. 

The  electromotive  force  given  by  a  dynamo  increases  with  the 
speed.  The  resistance  may  accordingly  be  increased  as  the  speed 
increases  without  affecting  the  current.  Therefore  there  is  no 
critical  speed  or  critical  resistance  for  a  series  dynamo,  except 
in  the  most  general  sense  on  short  circuit. 

Shunt- Wound  Dynamo  Characteristics.— There  are  three  pos- 
sible characteristics  of  this  type  of  machine.  One  is  the  total 
characteristic,  which  includes  the  armature  current  and  the 
electromotive  force.  The  armature  current  is  equal  to  the  sum 
of  the  currents  passing  through  the  field  winding  and  shunt 
winding.  The  second  is  the  external  characteristic.  This  is 
based  on  the  voltage  between  terminals  and  the  total  current  of 
the  outer  circuit.  This  current  is  a  part  only  of  the  armature 
current.  The  third  Is  the  so-called  internal  characteristic.  This 
is  based  on  the  same  voltage  as  for  the  second  case  and  on  the 
amperes  in  the  shunt  or  field  magnet  windings.  Possibly  some 
ingenious  person  might  evolve  a  fourth  and  a  fifth  characteristic, 

king  the  armature  into  cases  two  and  three.    Tn  practice  the 

*mal  and  internal  charaoter^st\c?^  are  moat  used.    These  are 
ysoDd  and  third  of  the  preceding  Wa^. 
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Critical  Point  of  Shunt- Wound  Dynamo.— The  external  char- 
acteristic of  a  shunt-wound   dynamo  is  given   in  Fig.   173.     It 
begins  at  the  top  at  P.    On  open  circuit  all  the  current  is  shunted 
Into  the  field,  and  the  voltage  between  terminals  reaches  its  max- 
imum.   The  resistance  of  the  outer  circuit  when  open  is  infinite. 
The  outer  circuit  is  now  closed 
tlirough  a  very  high  resistance. 
This  shunts  a  certain  amount 
of  current  from  the  field  coil, 
t&d  weakens  the  field  so  as  to 
reduce  the  voltage.    The  resist- 
tnce     is     gradually     lowered, 
hunting  more  and  more  cur- 
rent from    the    field    as    more 
;  passes  through  the  external  cir- 
[cait,  until    a   sort    of    critical 
floint  is  reached.    This  point  is 
[there  a  reduction  of  external 
resistance    begins    to    rob    the 
leld  of  so  much  current  that 
pe   electromotive    force    falls 
[more  rapidly  than  before.     At 
this  point  the  watts  are  at  a 
[uaximum.     At  last  the  curve, 
>t  the   35-volt-32-ampere   point 
H>  Pig.  173,  reaches  a  point  of 
fhstability,  and  with  very  little 
ige  of  resistance  runs  down 
a  zero  value. 

The  horse-power   curves  are 

iteresting  in   their  relations  to  the  characteristic.     The  ordi- 
or  vertical  next  to  the  left-hand  axis  of  ordinates  can  be 

5d  as  an  ohm  line.    A  straight  edge  will  then  give  the  resistance 
each  point  on  the  curve.    At  P  it  is  infinite,  because  the  tan- 

\i  of  an  angle  of  90°  is  infinite.    The  volts  at  P  were  obtained  on 

n  circuit,  which  is  infinite  in  resistance. 

m  the  case  shown   in  Pig.   173   the  critical   current  may  be 

Jed  82  amperes.    It  is  not  critical  to  the  same  exleiil  ^.«>  Vu  «* 
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Fig.  178.— Extern Aii  Characteristio 
o¥  A  Shunt- W<)UND   Dyitamo 

WITH  HORSE-POWER  LiNES. 
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series   dynamo.     But  the  long,  almost  straight  descent  of   th^ 
curve  toward  the  origin  gives  a  critical  factor.    This  is  external 
resistance.     With   insufficient  external  resistance  the  electromo- 
tive force  falls  to  zero.     With  infinite  resistance  it  rises  to  a 
maximum.    At  an  intermediate  resistance,  which  in  this  particu- 
lar case  is  about  one  ohm,  the  power  is  ready  to  rise  rapidly  or 
fall  rapidly  for  a  slight  change  in  resistance.    If  the  outer  resist- 
ance is  increased,  the  power  rises  on  account  of  an  increase  in 


Fio.  174.— Outer  Circuit  and  Total 
CuBRBNT  Characteristic  in 
A  Shunt  Dynamo. 


Fig.  175.— Total  Characteristic 
OF  Shunt  Dynamo. 


voltage.  If  the  resistance  decreases,  the  power  falls  by  an 
almost  equal  decrease  of  voltage  and  current. 

Roughly  speaking,  the  characteristic  shows  one  horse-power 
with  a  resistance  of  1  ohm  and  a  resistance  of  6  ohms.  With 
a  resistance  of  about  1%  ohms  it  shows  the  maximum  power, 
nearly  2  horse-power.  These  variations  in  resistance  are  in  the 
external  circuit. 

Total  Current  Characteristic  in  Shunt  Dynamo. — The  total 

^nrrent  is  that  which  flows  through  the  armature,  and  which  is 

sum  of  currents  in  the  field  coil  and  in  the  external  circuit. 

baracterlatic  of  the  external  circuit  a^  ^\x^t  ^^^^w^^^  \a  xXj^^^ 
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"^sls.  The  new  one  is  drawn  by  adding  to  the  abscissas  or  to  the 
horizontal  lines  of  the  diagram,  lengths  representing  the  current 
^hich  at  each  given  voltage  will  flow  through  the  field. 

In  the  cut,  Fig.  174,  the  inner  of  the  two  curves  is  the  charac- 
teristic of  the  outer  circuit.  The  radius  vector  is  drawn  at  an 
angle  giving  a  tangent  equal  to  the  armature  resistance.  A 
straight  line  is  the  characteristic  when  the  resistance  is  con- 
stant. Therefore,  the  distance  e  s  is  the  amperes  of  current 
which  would  exist  in  the  armature  at  the  voltage  corresponding 
thereto.  This  and  the  corresponding  lengths  are  then  added  each 
to  the  corresponding  abscissa  of  the  external  curve,  as  at  m  n 
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Figs.  176  and  177.-  Ohm- Volt  Curve  of  Sbribs  and  Shunt  Dynamos. 


and  i  i^  and  the  new  curve  is  drawn  through  the  points  thus 
determined.  The  outer  curve  is  the  total  current  characteristic 
thus  constructed. 

Total  Characteristic  of  Shunt  Dynamo.— So  far  the  curves 
have  been  based  on  potential  difference  at  the  terminals.  To 
get  the  characteristic  based  on  total  electromotive  force  and 
total  current,  we  start  with  the  curve  of  total  current  e.  Fig. 
175.  The  radius  vector  J  gives  the  armature  characteristic.  Take 
a  point  p,  Fig.  175,  on  the  curve  of  total  current.  This  is  on  an 
ordinate  denoting  p  e  amperes.  The  voltage  of  the  armature  at 
this  current  is  the  length  a  x.  This  added  to  p  x,  the  voltage  at 
the  terminals,  gives  the  electromotive  force  q  x  ^1  \Xv^  ^\sc^^t^^^ 
O  ^.    In  this  way  points  are  found  on  a  cxxx^e  ^\vv^  ^^^^  '^^'^ 


CHAPTER    XVI. 

THE  DIRECT-CURRENT  MOTOR. 

Direct-Current  Electric  Motor  and  Torque.— The  direct-cUT' 
l  (-lectrip  motor  is  a  machine  driven  by  the  direct  current. 
•Wc'h  ia  generated  in  any  desired  way,  which  current  Is  forced 
tfoiigh  it  by  electromotive  force.  As  motors  are  constructed  in 
Wern  engineering  practice,  the  driving  of  the  motor  eausea  the 
nualure  to  rotate.  This  it  doea  with  greater  or  less  force,  and  the 
Itte  developed  is  torgue.  Torgue  la  a  twisting  or  turning  force. 
Tlie  armature  driveu  around  with  torque  or  twisting  force  is 
bwiecied  to  machines,  eo  as  lo  do  useful  work. 
Iteverslbillty  of  Dynamo  and  Motor. — It  1e  only  a  few  yeura 
|Ottiat  the  doctrine  of  the  conservation  of  energy  was  deflnirely 
MTiIated  and  accepted  as  the  cornerstone  of  natural  science, 
(nothing  is  it  better  illustrated  than  in  the  reversibility  of  the 
Q  and  motor.  If  such  a  machine  is  turned  by  mechanical 
resiMtance  will  be  enrountered  if  the  circuit  ia  closed,  and 
lanical  energy  will  be  absorbed.  On  the  circuit,  by  the  heat- 
feof  the  wire  and  other  means,  the  presence  of  electrical  energy 
■  be  discerned.  Energy  ia  conserved.  The  mechanical  energy 
(ended  in  driving  the  machine  haa  not  disappeared;  it  has 
B  converted  into  electrical  energy. 

k  the  motor  exactly  the  opposite  action  takes  place.     Electri- 

I  Wiergy    is  absorbed  by  the   motor,  and   mechanical  energy 

)»en  off  by  it.    it  is  another  example  of  the  conservation  at 

The  sanje  machine  can  act  in  one  or  the  other  Tiile,     In 

Wriiig    practice    an    electric    machine    often    automatically 

I  Irom  motor  to  dynamo,  or  the  reverse.     Sometimes  this 

t  cause  of  serious  trouble  if  not  detected  in  time. 

I    Motor  Connected.— If   we   have   two    direct- 
s  connected  by  two  leads,  so  as  lo  torm  a  co^a- 
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IflaUs  circuit,  and  both  are  turning,  each  one  in  turning  will  gener- 
atis  electromotive  force.  Referring  now  to  the  cut.  Fig.  179,  there 
am  Hhown  two  such  machines  connected,  and  both  armatures  are 
KUppOMed  to  rotate  in  the  direction  indicated  by  the  upper  arrow. 
Th«  polarity  of  the  electromotive  force  due  to  rotation  tends 
upward  from  the  lower  brush  to  the  upper.  This  tendency  is 
Indicated  by  the  arrows  on  the  end  of  the  armature  pointing 
upward. 

The  condition  of  things  shown  in  the  cut  is  the  operation  of  a 
generator  and  motor  on  one  circuit;  both  are  direct-current  and 
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Pig.  179.— Connection  op  Generator  and  Motor. 


bipolar.    The  bipolar  type  is  selected  for  the  sake  of  simplicity. 
What  is  to  be  noted  applies  to  all  direct-current  machines. 

Counter  Electromotive  Force. — The  left-hand  machine  is  the 
generator  sending  current  over  the  line  and  throu^  the  coils 
of  its  armature.  The  latter  begins  to  revolve.  As  it  does  so,  it 
generates  in  accordance  with  Lenz's  law  electromotive  force, 
which  operates  to  resist  its  rotation.  This  it  does  by  opposing 
the  electromotive  force  on  the  line,  thereby  cutting  down  the 
driving  current.  Such  an  opposing  electromotive  force  is  called 
"ounter  electromotive  force,  and  is  indicated  by  the  arrows  on 
end  of  the  armature. 

'fs   example    illustrates    a   broad   ptVxLci^le   underlying   the 
'on  of  direct-current  macMnea  ptVm^iTVVj.    \l  Vcl  ^  ^\x^<iV 
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current  machine  the  electromotive  force  and  current  are  in 
harmony  with  each  other,  working  in  the  same  direction,  the 
machine  is  a  generator.  If  the  current  forced  through  the  ma- 
chine and  the  electromotive  force  due  to  its  rotation  oppose  each 
other,  the  machine  is  a  motor. 

The  above  applies  to  alternating-current  synchronous  motors 
operated  by  single-phase  current,  as  will  be  seen  later. 

Action  of  Counter  Electromotive  Force. — Counter  electromo- 
tive force  tends  to  reduce  the  speed  of  rotation  of  direct-current 
motors.  It  does  this  without  any  direct  waste  of  power.  A 
motor  may  work  with  highest  efficiency  at  a  certain  rate  of  speed. 
If  the  counter  electromotive  force  reduced  it  below  this  speed,  its 
efficiency  would  be  reduced,  but  there  would  be  no  direct  relation 
necessarily  between  the  counter  electromotive  force  and  the  reduc- 
tion in  efficiency.  Counter  electromotive  force  is  not  a  hurtful 
resistance. 

Counter  electromotive  force  tends  to  prevent  a  direct-current 
motor  from  going  too  fast.  The  faster  its  armature  rotates,  the 
greater  will  be  the  counter  electromotive  force  produced,  and  the 
less  will  be  the  torque  of  the  machine.  The  torque  will  diminish, 
because  the  current  will  diminish  as  the  counter  electromotive 
force  increases.  As  the  armature  turns  against  mechanical  re- 
sistance of  various  kinds,  friction,  air  resistance,  and  sometimes 
a  load  such  as  that  due  to  machinery  driven  by  it,  the  reduction 
of  torque  reduces  the  speed  of  rotation. 

Relation  of  Speeds  of  Generator  and  ilotor  Connected.— If 
the  two  machines  are  identical,  and  if  the  motor  turned  without 
any  friction  or  resistance  of  any  kind,  the  greatest  speed  the 
motor   could   attain  would   be  equal   to   that  of  the   generator. 
Identical  armatures  rotating  at  identical  speed  in  identical  fields 
of  force  generate  the  same  electromotive  force.    In  the  generator 
and  motor  these  would  be  opposed  to  each  other;   and  when  the 
motor   turned  at  the   same  speed  as   the  generator,   lio  current 
would   pass.     In   the  condition  supposed,   the  armatures   would 
rotate  synchronously,  and  no  mechanical  energy  would  be  gene 
ated    in   the   generator  or   expended   in   the   motor.     Such  syi 
chronism  could  not  possibly  exist,  as  no  armatwre  co\x\^  \^\»; 
without  experiencing  some  resistance. 
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The  slower  a  motor  runs,  other  things  being  equal,  the  greater 
will  be  the  current  passing  through  it,  and  the  greater  will  be 
the  net  electromotive  force  producing  the  current.  The  voll- 
amperes  will  be  greater  therefore  as  a  motor  runs  more  slowly, 
and  slow  running  is  due  to  increased  mechanical  resistance.  The 
volt-amperes  represent  energy  absorbed;  the  mechanical  resist- 
ance overcome  represents  energy  developed.  As  is  manifestly 
proper,  they  increase  and  diminish  together. 

Counter  Electromotive  Force  and  the  Armature. — The  arma- 
ture of  a  working  motor  is  ordinarily  of  such  low  resistance  that 
the  current  which  would  pass  through  it  at  the  potential  of  the 
working  circuit  would  heat  it  so  much  as  to  injure  it.  As  the 
armature  rotates  it  has  counter  electromotive  force  impressed  upon 
it,  which  acts  like  resistance,  and  reduces  the  current  passing 
through  it.  Counter  electromotive  force  protects  the  armature 
from  burning  out.  Reduction  of  current  in  the  armature  re- 
duces torque,  so  that  the  turning  force  of  the  armature  is  re- 
duced as  its  speed  of  rotation  increases.  Thus  a  slowly-turning 
armature  takes  more  current  and  exerts  higher  torque  than  a 
rapidly-rotating  one.  To  protect  it  from  burning  out  a  rheostat 
is  generally  used  to  start  it,  so  that  it  begins  rotating  with  a  re- 
duced current,  only  receiving  the  full  electromotive  force  of  the 
circuit  when  it  is  turning  fast  enough  to  protect  itself  by  counter 
electromotive   force. 


OPEN-COIL  AND  HOMOPOLAR  GENERATORS— SIZE  AND 
OUTPUT   OF   GENERATORS. 

Open-Coil  Armature  Winding.— Tbe  v 

of  a  direct- pur  rent  dynamo  need  not  be 
]  they  are  disconnected  at 
Figs.  133  and  138,  pige  230.  The  old  two-pole  magnetos  and  dy- 
namoH  with  eingle-coil  armatnre  of  the  H  type,  Fig.  128,  page  S33, 
all  operated  on  this  principle.  The  Gramme  ring,  introducing  into 
the  larger  field  of  engineering  practice  the  older  Pacinotti  tirin- 
ciple  o(  cIOBed-coU  winding,  was  hailed  as  an  immense  advance. 
Yfct  to  the  present  day  the  open-toil  winding  is  tised  on  Bome  of  the 
moet  Huccessfal  dynamos. 

The  Brush  Dynamo  uses  open-circuit  windings.  The  diagram. 
Fig.  ISO,  allows  the  principle  of  the  armature  winding.  The 
coils  are  carried  on  an  Iron  ring-shaped  core,  which  ia  a  variety 
or  the  Gramme-ring  core.  The  colls  may  be  oC  any  even  number; 
for  each  pair  of  coils  opposite  to  each  other  there  is  what  amounts 

Returning  to  the  dlagrara,  Pig.  180,  tlie  outer  end  of  each 
armature  coil  is  connected  to  a  commutator  bar  or  segment,  as 
indicated  in  plane  development.  The  Inner  ends  of  each  pair  of 
opposite  coils  are  connected  aoross  the  armature  to  each   other. 

When  a  pair  of  coils  are  In  the  neighborhood  of  the  vertical 
line,  or  in  the  position  of  colls  C,  C,.  the  maximum  number  o£ 
Hues  of  force  are  passing  through  them.  For  the  Instant  tlie 
path  of  these  lines  of  force  coincides  with  the  path  followed  by 
the  coil,  so  that  there  is  no  change  in  the  number  passing  through 
the  coil  for  that  instant.  Hence  the  col!  ia  inactive  and  is  out  of 
Circuit,  no  brush  contacts  being  made  with  its  commutator  seg- 

J^row  the  coils  A,  A„  which  on  accQwut.  ol  aTmaX-^it*  -^(swdNwa.   j 
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are  in  the  position  of  best  action,  current  is  taken  by  the  brushes 
P  Q.  The  arrows  give  the  direction  of  the  current.  From 
brush  Q  the  current  goes  to  brush  R.  The  coils  Bi  B2  have  left 
the  position  of  best  action,  and  hence  have  less  electromotive 
force  impressed  upon  them  than  have  the  coils  Ai  As.  The  same 
applies  to  the  coils  Di  Da  as  regards  electromotive  force,  for 
converse  reason,  that  these  coils  Di  D^  are  approaching  but  have 
not  reached  the  position  of  best  action.    The  brush  Q,  taking  the 


Fig.  180.— Dbvblopment  of  the  Brush  Dynamo  Winding. 


current  from  A^,  delivers  it  to  the  B  and  D  coils,  four  in  number, 
in  parallel  of  two,  by  the  brush  R.  It  divides  between  them,  re- 
unites at  brush  S,  goes  through  the  field  P  M,  and  outer  circuit 
back  to  P. 

The  object  of  dividing  the  current  between  coils  Bi  Bj  and 
P,  D;,  in  parallel  is  in  a  sort  of  accordance  with  Ohm's  law.   The 
ectromotive  force  in  these  coils  being  below  the  maximum,  the 
^tmxce  i^  also  reduced  by  coniiecUTis  Wiem  Vtl  vw«X\fc\. 
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Each  pair  of  colls  !□  a  Brusli  machine  can  be  pictured  as  rep- 
reaenting  an  open-coll  independent  armature  of  two  colls.  Thus 
an  eight-coil  machine  Is  in  a  sense  equivalent  to  four  Independent 
machines,  caused  to  co-operate  in  producing  a  pulsating  direct 


Brush  Dyaatno  Construct  [on. —In  Fig.  ISOo  Is  shown 
dynamo  with  Its  upper  field  section  removed  and  its 
hoisted  ii[)  out  of  its  bearings.     It  ahows  the  ring  armature  with 
grouped  windings.     On  the  shaR  are  rings  ot  larger  diameter 
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than  that  of  the  shaft  which  carries  them  These  are  oiling  rings. 
When  the  armature  Is  In  place  thee  hang  with  tbeir  lower  sec- 
tion immersed  in  oil.  As  the  shaft  rotate!  thev  turn  also,  travel- 
ing around  it  and  carrjm?  up  oil  to  it  so  as  to  continuously  feed 
the  bearinRs  with  oil.    This  is  termed  ring  oiling 

The  Thomson -Houston  Armature  is  nound  on  the  01 
principle.    The  armature  contains  a  group  of  three  coili 
seta  of  coils  and  a  three-part  commutator.    The  coils  i 
on   a   hollow   spheroidal    frame,    and    the    resulting 
nearly  spherical  in  shape.    The  colls  are  all  wound 
fmse,   right   or   left-handed.      Three   ends   ot   tt\e   coW   ■a\-iiW!Ci.'( 
are  eQOBected  together;  the  other  three  ©oda  50  to  V^iteft  cqtoms 


n-clrcuit 
;  wound 


1J 

i 
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ring   armature   bas 


tator   divisions.      In   the   newer   mactineB   i 
been  used. 

The  diagram,  Fig.  181,  shows  the  connBCtions.     Three  ends  of    j 
the  coils  are  connected  together  at  D,  as  shown;   three  go  to  the 
commutator  segments,  A,  B,  and  C.     The  small  arrows  show  the    ' 
direction  of  the  current. 

The  coila  consist  of  numerous  turns  of  wire;  the  diagram  shows 
each  as  a  single  turn  for  the  sake  of  simplicity. 

The  next   diagram.   Fig.    182,   shows   the   colls   as   three   radii, 
A,    B,    and    C,    connecting    three    commutator    segments.      Bach 
radius    represents   a   great   i 
ber  of  turns  of  conductor  on 
core.     FP  are  four  brushes;   LL 
indicate  lamps  on   the  outer  cir- 
cuit.    Arrows  show  the  direction 
of  the  current,  and  a  curved  s 
row  shows  the  direction  of  rol 
tion  of  the  armature.   The  dotted 
lines   m.  n   show    the    position    i 
the  neutral  line  of  the   Beld. 

Coil  B  in  the  diagram  is  in  the 
neutral  position,  and  i 
ro-MBON-Hoi'STON  "^^^  posicioDB  of  colls  A,  B,  and 

BB  'WiNDiMi.  C  may  be  referred  to  the  figures 

on    a.   clock    face.      B    Is    at    10 
>   at   2   O'cloclc,   and   C   is   at   G   o'clock.      In   thta    po- 
L  current  goes  from  C  to  A.     When   the  armature  turns 
I  to   bring   B   a    little    further   on,    it    connects    with    the 
F',  and  this  coll   B  through  the  brush   F"  and  the  coll 
Ulrough   Ihe  brush   I"   work   in  parallel   with   each   other   and 

with  A.     Nest  C  moves  on  toward  4  o^clock,  and  ii 
,  leaving  A  and  B  working  in  series  with  each  other,     j 

I  toward  10  o'clock.  Just  before  it  parts  company  with 
(brush  P,  the  brush  F  comes  in  contact  with  C.  and  A  and  C 

1  parallel  with  each  other  and  in  series  with  B. 
['  practice  the  angular   distance   between   the   brush   ends  P* 
e  brush  ends  P  and  F  is  about  60°  respectively,  and 
parallel   pair  ot  coila  In  paraWA  ^V&  tasiXv  ottifir 
»  conelderable  part  o£  the  rotBLMoa,  , 
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The  dynamo  is  automatically  regulated  by  moving  the  b 
FF'  backward  or  away  from  P  P',  and  shifting  PP'  forward 
when  more  current  Is  needed  and  vice  versa.  If  the  angular  dis- 
tance between  the  bruah  ends  P  and  F  and  the  brush  ends  P'  and 
F'  Is  60°,  there  will  be  no  period  when  all  the  section  coils  are 
not  doing  '.omelhing  two  being  always  in  parallel  with  each  other. 
B>  bringing  the  brushes  closer  together  the  current  Is  dimln- 
ishpd  ]■>•.  incrPasing  the  period  of  time  during  which  one  of  the 
cojIs   is  cut  out  and  mactive. 

nomopolar.  Acyclic  or  Unipolar  Dynamo.— We  have  seen 
that  a  closed  ring  swept  through  a  uniform  field  of  force  has  no 
current  induced  in  it  although  electromotive  force  is  impressed 
on  It.    BlectromotiTe  force  Is  Impressed  upOB  its  two  balres  of 
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the  same  polarity  in  eaiih,  so  that  they  counteract  each  other.  It  to 
opposite  ends  of  the  horizontal  diameter  of  (he  ring,  as  shown  in 
the  drawing,  Fig.  115.  the  ends  of  a.  conductor  were  connected, 
current  would  go  through  It.  A  simple  conductor  representing 
tlie  vertical  diameter  of  the  circle  could  ta,ke  its  place,  and  nat- 
nrally  would.  A  current  Is  thus  produced  by  sweeping  a  con- 
ductor through  a  uniform  field  of  force,  and  without  varying  the 
number  of  lines  of  force  which  are  interlinked  with  the  circuit. 
A  generator  constructed  on  this  basis  is  named  as  above. 
Up  to  the  present  time,  comparatively  few  have  been  made. 
Various  ways  of  producing  the  field  can  he  used.  Let  cylin- 
drical north  and  south  poles  of  a  dynamo  Eacs  each.  qI^m.  '^\s.'ia 
axis  of  the  Ermatare  corresponding  witk  the  t«TA«t  ul  'Cto-ft  '^'^ 
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drical  field,  radial  conductors  swept  through  it  will  have  elec- 
tromotive force  impressed  upon  them,  and  if  one  brush  connects 
with  the  inner  and  one  with  the  outer  end  of  a  radial  con- 
ductor, current  can  be  taken  from  the  brushes.  The  conductors 
cannot  be  connected  as  in  ordinary  dynamos,  but  the  brushes 
must  take  current  from  opposite  ends  of  the  conductor.  Any 
number  can  be  put  in  the  armature,  and  are  connected  to  col- 
lecting rings,  so  as  to  carry  out  the  principle  described. 

Two  north  poles  may  be  placed  within  two  south  poles,  thus 
making  an  annular  or  ring-shaped  field.  A  conductor  swepl 
through  this  field,  and  lying  parallel  with  the  axis  of  the  field, 
will  have  electromotive  force  impressed  upon  it.  and  a  current 
can  be  taken  from  brushes  connecting  with  its  ends.  Any  num- 
ber of  conductors  can  be  placed  in  the  field,  so  as  to  form  a 
hollow  cylinder.  They  cannot  be  connected,  as  in  a  drum  arma- 
ture, or  one  will  counteract  the  other.  The  current  has  to  be 
taken  from  their  ends. 

Owing  to  the  absence  of  a  commutator,  this  type  of  machine 
presents  great  advantages  as  a  generator  of  direct  current.  Its 
names  are  derived  from  the  feature  that  the  active  conductors 
move  through  a  field  of  uniform  or  unvarying  density. 

Relation  of  Size  and  Output  of  Dynamos.— Considerable  dis- 
cussion has  been  given  to  the  question  of  the  relation  of  the 
sizes  of  identically-shaped  electric  current  generators  to  their 
respective  outputs.  If  a  dynamo  is  reproduced  in  all  its  relative 
proportions,  but  of  double  the  linear  dimensions,  what  will  be 
the  relative  power  output  of  the  two? 

Manufacturer's  and  Tbompson's  Rules  — One  rough  rule  is  to 
treat  the  output  as  varying  with  the  weight.  This  is  a  manu- 
facturer's rule,  a  mere  approximation  to  accuracy.  It  is  express- 
ed in  mathematical  terms  by  saying  that  the  capacities  of  iden- 
tically proportioned  dynamos  vary  with  the  cube  of  the  linear 
dimensions.  Prof.  Silvanus  P.  Thompson  has  given  the  fifth: 
power  of  the  linear  dimensions  as  the  correct  figure. 

If  one  dynamo  was  twice  as  large  in  linear  dimensions  as  an- 
other^   it  would,  according  to   the  "manufacturers   rule,"  have^ 

'fit  times  the  capacity  of  the  smaWer  oTie\  ^.ccording  to  Prof. 
's  rule,   it   would  have  t\i\n.v-r^-o  Wiae^  \\sl%  <aj8»sA5es- 


OPEN'COIL   AND   HOMOPOLAR   GENERATORS,         295 

This  is  a  considerable  discrepancy.    Yet  if  we  investigate  it  on 
a  purely  proportional  basis,  the  discrepancy  may  be  still  greater. 

Deduction  of  Thompson's  Factor.— Assume  a  dynamo  of  double 
the  linear  dimensions.  The  length  of  the  magnetic  circuit  will 
be  doubled.  For  identical  value  of  magnetization  or  Q  twice  the 
ampere  turns  will  be  needed.  The  wire  on  the  field  will  have 
twice  the  diameter  on  the  large  dynamo  of  that  of  the  wire  on 
the  small  one.  This  will  give  it  the  same  number  of  turns,  but 
four  times  the  capacity  for  current.  Therefore  the  intensity  of 
field  or  3  will  be  multiplied  by  four  on  account  of  the  increased 
current,  and  divided  by  two  on  account  of  the  greater  length  of 
magnetic  circuit,  giving  half  the  permeance  per  unit  of  cross 
section.  This  is  a  net  increase  of  field  intensity  to  twice  that 
existing  in  the  smaller  dynamo. 

The  field  will  have  four  times  the  cross-sectional  area.  There- 
fore being  of  twice  the  intensity,  the  lines  of  force  in  it  will 
be  4  X  2  =  8,  or  eight  times  as  many  as  in  the  smaller  dynamo. 

The  armature  will  have  twice  the  linear  dimensions  of  the 
smaller  one,  and  therefore  can  carry  twice  the  turns  of  wire 
per  layer  and  twice  as  many  layers  as  the  smaller  one  carried. 
This  gives  four  times  as  many  convolutions.  If  it  rotates  at  the 
same  number  of  revolutions  per  minute  as  does  the  smaller 
armature,  it  will  cut  8  X  4  ^  32,  or  thirty-two  times  as  many  lines 
of  force  as  did  the  armature  one-half  its  size  in  linear  dimen- 
sions. This  gives  thirty-two  times  the  voltage.  This  coefficient 
32  is  the  fifth  power  of  2,  or  2''  =  32.  If  we  stopped  here,  we 
should  have  Prof.  S.  P.  Thompson's  figure.  The  output  of  a 
dynamo  is  governed  by  the  voltage  it  can  produce,  and  by  the 
amperage  it  can  carry.  The  size  of  the  armature  wire  con- 
trols the  amperage.  It  must  not  be  subjected  to  so  heavy  a  cur- 
rent as  to  get  overheated.  If  it  is  assumed  to  be  of  the  same 
size  in  the  larger  as  in  the  smaller  dynamo,  the  larger  one  w*" 
give  the  same  current  at  thirty-two  times  the  voltage,  wl 
gives  thirty-two  times  the  capacity  in  watts. 

The  rule  of  the  fifth  power  thus  deduced  is  not  rigoronals 
curate,  because  sources  of  loss  vary  with  the  sizes  of  dynu 
and  tend  to  favor  the  output  of  the  larger  sizes. 

In  the  above  calculation  a  doubling  ot  Vnl^nsW?  ^^  ^^'^^  TOi 
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netization  is  assumed.  This  is  not  to  be  looked  for  in  prax;t,-/<?e. 
Witli  equal  excitation,  the  output  would  be  reduced  to  16,  or-  2* 
times  that  of  the  smaller. 

The  Sixth-Power  Rule.— If  We  assume  the  air  gap  to  be  in- 
creased in  depth  or  thickness,  and  the  same  field  intensity  to 
be  maintained,  we  can  get  a  still  higher  result. 

Assume  the  field  of  equal  intensity  to  be  of  four  times  the 
area.  Assume  that  the  same  voltage  is  to  be  impressed  on  the 
circuit.  Then  one-fourth  the  windings  are  required  on  the  arma- 
ture, as  there  are  four  times  as  many  lines  of  force  in  the  field. 
To  put  one-fourth  the  windings  on  an  armature  of  twice  the 
circumference,  the  wire  should  have  eight  times  the  diameter  of 
the  wire  on  the  smaller  armature.  But  a  wire  of  eight  times 
the  diameter  of  another  one  can  carry  8^  =  64,  or  sixty-four  times 
the  current,  giving  an  output  sixty-four  times  as  great  as  that  of 
the  generator  which  is  half  its  size  in  linear  dimensions. 

Both  of  these  deductions  are  on  the  basis  of  an  equal  number 
of  revolutions  of  the  armature  per  minute.  It  would  be  nearer 
truth  to  take  an  identical  peripheral  velocity. 

This  would  reduce  2"  or  32  to  2*  or  16,  and  2'  or  64  to  2'  or  32. 
The  latter  figure  allows  for  an  increase  of  the  thickness  of  the 
air  and  copper  gap  in  the  larger  machine  to  eight  times  what  it 
was  in  the  smaller  one.     This  is  certainly  excessive. 

Calling  n  the  relative  linear  size  of  the  larger  dynamo,  the 
authorities  give  the  student  his  choice  of  the  following  powers 
of  n  to  express  the  increased  output  of  the  n  times  larger  dy- 
namo: 

Prescott  n- 

Mascart  and  Joubert n* 

Hopkinson    n' 

Rechniewski    n' 

Manufacturer's  Rule,  a  little  over n' 

Ayrton n'-'' 

Frolich    n* 

Deprez    n' 

Thompson,  S.  P n' 

AJJ  things  considered,  the  fourth  power  or  n*  is  a  safe  figure 
*ake. 


CHAPTER  XVIII. 

GENERATOR   AND   MOTOR   CONSTRUCTION. 

DlBkB  for  Smootb -Surface  Armature  Cores.~To  prevent  the 
"production  of  eddy  currents  of  aerioua  intensity,  armature  cires 
are  built  up  of  thin  sheets  or  disks  of  iron.  Dialta  are  cut  to 
give  the  cross  section  of  the  drum,  and  are  laid  up  with  sheetB 
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FiQB.  183  TO  186.— SnoOCB-Cohiouh  Cobb  DiekB. 

of  paper  intervening  to  form  a  cylindrical  pile.  The  dlshs  are 
often  cut  with  a  large  hole  in  the  center.  They  are  often  fastened 
togetlier  with  bolts,  which  run  throush  the  pile  of  iron  and 
paper  from  end  to  end.  The  bolts  are  insulated  by  tubes  of  in- 
sulating material.     Tlie  cylindrical  core  thua  pTOtocfti  -ntKS  \ift. 

m 
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keyed  directly  to  the  main  shaft,  or  is  carried  by  spiders.    T 
cuts.  Figs.  183  to  188,  show  various  examples  of  core  disks  wi 


Fios.  187  AND  188.-  Smooth-Contour  Cobb  Dibkb  with  Spiders. 

smooth  contour.     Sometimes  the  core  is  built  up  of  segmer 
of  disks,  as  sho\fn  in  Fig.  189. 

Disks   for  Grooved  Armature  Cores.— A  general  practice 
drum  armatures  is  to  have  a  series  of  longitudinal  grooves 
tho  oylindrloal  core  surface  to  receive  the  conductors.    Disks  i 
thoso  arc  cut  out  with  peripheral  notches,  as  shown  in  Figs.  1 
to  192. 


Fn;.  1:^.   Sfx;mi!:>tal  Oorx  Disk  OomntrcnoN. 

Howovor  oart^fully  iho  pilinir  up  of  such  disks  is  done,  t 
nouhrs  ov  jiroovos  srr  not  to  be  relied  on  as  being  perfect 
tvr.o  aiu^  siTi^-K-^th.  Smooths  OS?  is  essential  to  avoid  cutting  tl 
insul«t1ou.  Aov\^ro,;n^ly.  each  core  thus  built  up  is  often  plac« 
in  a  filir^i  niaohiue.  \^  hcn^  ;he  long  grooves  are  filed  out  one  1) 
<M«  «UiUI  Ul^  are  of  exact  sire  and  smooth.    This  constitutes  tb 

^irlikh  i$  );eved  to  the  annatnre  shaft  of  th 
lis  lifr  s^hown  such  a  oors. 


r  element  appears  as  an  irregular  rectangle.    Such  colls  aril 
i  formed  <:olls.    American  practice  favors  tbe  ase  of  formed 
,  wbenever  it  Is  poseible  to  employ  them.    They  are  shown 
f  tES-  194  to  196. 

p  WlndliiE>— Tbe  older  way  of  winding  armatu 

I'  proceBB  of  hand-winding  .with  insulated,  wire.     Tto.a  \» 
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Figs.  191  to  196.— Formed  Coii^  for  Armaturibs. 


*ill  used  to  a  considerable  extent,  but  formed  coils  for  dynamos 
other  electric  apparatus  are  typical  of  modern  methods. 
^tioa    of    Conductors. — Alco\ioUe  ^oImUqh  of  shellac  is 
*yed    in    Insulating   armaluTe   eon^xicXftTi^.    Ywiaft«i. 
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conductors  are  taped,  sheliacked,  and  baked  before  being  set  into 
tbe  grooves  on  tile  armature  core. 

Core  Qrooves  and  Wooden  Wedges. — Little  aotches  are  eome- 
timea  formed  in  the  notches  in  the  core  diaka.  When  the  core 
is  built  up,  these  give  a  dovetailed  groove  next  to  the  periphery 
or  surface  of  the  core.  Long  slips  of  wood  are  driven  into  these 
grooves   and    a,hove   the   wlniiings,   holding   the    latter   Hrri'.Iy    In 


FiQs.  197 


place.     Wire  bindings  are  wound  around   the   whole   in  three  or 
more  places  for  additional  security. 

WlDdlDg  Armatures  with  Formed  Colls.— The  cut.s,  Figs.  197 
and  198.  illustrate  the  insertion  of  formed  coils  In  the  grooves  In 
armature  cores,  and  the  next  cuts.  Figs.  199,  200,  and  201,  show 
armatures  completely  wound. 

Pole  Armatures. — This  type  of  construction  Is  not  very  much 
used,  except  for  altprnating  currents.  The  cut,  Fig.  202,  showa 
B  sectional  view  of  a  ranlTlpolar  pole  armature  In  a  multipolar- 
field.  As  Ihp  armature  rotatei.  ifK  windings  are  carried  through 
high  IntensltlPB  of  field,  whpn  pole  tacea  pcA«  aft  Vti  VRt  •^'a'v-. 
l^he  pof/rion    when   (irmatiire    poles   wowlA   iace  X^v*  *\bR.'^' '  " 


J 
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vtn/Y  ^ojTtt  r>. 


n  field  poles,  the  Beld  would  he  n-eal;.    Thus.  In  rotating  tha 

Wfttre    colls    would    he    tnterilnkeA   'n\\.\i    consvaTvUr-vaiying 

'  of  llaes  of  force,  so  tbat  cwrtenxa  'sovAi  \«  VafiMwa.  v-o. 

Tbp  fottStruvnon  shown   Is  \S\Rl  «sea  Tot  ftiu  G^ta/Bw 

*/  mlteraator.  bul  will  serve  to  abow  tbe  vt^TvcX^X*  t»l  <iwi vi 
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type  of  armature.  Fig.  202a  sbovs  a  multipolar  structure  which 
may  be  an  armature  or  a  revolving  field. 

I  Disk  Armature. — Tbis  is  also  a  type  of  armature  which  is  but 
little  used.  Fig.  203  shows  a  field  magnet  producing  a  field 
of  force  of  straight  lines  The  spaces  on  one  or  the  other  side 
of  the  poles  have  an  exceedingly  weak  field.  To  show  the 
action  of  the  poles,  a  wire  conductor  Is  shown,  which  moved 
in  the  direction  of  the  large  arrows  would  have  electromotive 
force  impressed  upon  it  of  the  polarity  indicated  by  the  small 


Fla.  atS.— Pole  Aruatukk. 


arrows  In  Figs.  203  and  203a.  The  last-named  cut  shows  the  com- 
plete set  of  colls  of  the  armature,  part  only  of  which  is  shown  in 
Fig.  203. 

The  next  cut.  Fig.  204,  shows  the  section  of  the  active  field 
of  a  disk  dynamo,  through  which  such  colls  as  those  shown  In 
diagram  in  Fig.  205  are  swept. 

Commutator  Construction. — The  commutator  is  hullt  up  ot  . 
a  number  of  bars  of  nearly  rectangular  section.  They  are  mads  ■ 
of  hard-drawn  copper.  They  are  put  together  like  the  staves  of  a 
barrel,  the  periphery  being  made  up  of  their  edges,  not  of  their 
flat  Hides.  It  is  as  if  rhe  staves  of  a  barrel  were  \i\it  *.■&.  \Q.'3n." 
In  w/dlh  and  Bevecal  inches  deep  or  thick.  The  comtttM\».\.(it  ^W-'" 
'  Mve  placed  between  tbem  strips  of  Insulating  ma.■t«l^.a.■i.  loafl 
fvtlr  or  entirely  of  mica. 
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Mica  Is  an  excellent  insulator;  it  is  mechanically  strong,  can 
be  hent  to  a  considerable  extent,  and  is  absolutely  non-comhuBtlble 
and  UQaftected  by  any  heat  It  can  ever  be  subjected  to  on  a  dyna- 
mo or  in  electrical  machinery.  No  suhatittite  for  It  has  ever  been 
found.  It  is  made  up  Into  various  preparations,  resembling  card- 
board, and  these  are  pnt 
upon  the  market  by  var- 
ioits  manufacturers. 

A  hollow  cvlinder  with 
thick  walla  ii  built  up  of 
the  copper  bars  ani  insu 
'  itm^  strips  and  tlie 
pipi  Fs  ha\e  to  be  firml) 
■leiurtd  without  any  elec 
rni  al  lontact  between. 
tlifm  The}  must  be  rig 
I   Iv   held   in  position    be 

uise      the      commutator 
has   to   be  turned   up  be- 
tween   centers     and    any 
motion  of  the  bars  would 
he    fatal    to    securing    a 
ulindrieal   surface      The 
surface  has   to   be   cylin 
drlcal   or  the  brushes  will 
jump  and  chatter    A  high 
bar  or  one  out  of  position 
will  interfere  with  the  ac- 
^  of  the  machine.    The  bars  must  he  secure  from  displacement. 
I,  Figs.  206  to  209,  show  various  constructions  of  com- 
The  heavy  dark  lines  indicate  insulation.     The  views 
1^  given  in  section,  and  are  self-explanalory. 
ibe   (unction   of   the   commutator   is    usually    I 
t  from  outside  periphery  to  a   dru 
Ul  diameter.     In  some  machines 
||(ull   diameter  of  the  armature,     in   anj 

i  eyUndrlcal  swrface  for  the  brushes  to  rest  upon.     In  the 
Uld  ring  armatures  the  btUBbea  comV4  \aV.6  x"wb  tw^cm.  Uwa 


transfer  the 
of  relatively 
is  of  almost 


J 
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the  conductors  on  the  per  ihery  of  the  drum  or  ring  as  t 
may  I  p   wer    it  not  for  me  lianical  consirterafiona. 

Position  of  Commutators  —The  commutator  is  keyed  t 


armature  shaft      It  i 
1*8  surface  must  cont 


he   accurately   in   center  with   it,  and 
to  the  requirements  stated      The  end 


.— ARMATtmB  COIM  OP  DiSK 

1 

shown  in  the  cuts.     In  Figs.  199,  200,  and  201,  pag-e  303,  are  shown 
different   arrangements   of   commutators   a 
Bnvhea   and  Bmah    Holders, — The  name  ^J^u^fc  'v^  a-^'^Wt^ 
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to  the  conductor,  generally  very  unlike  a  Irush.  which  beai 
against  a  moving  surface,  also  a  conductor  so  as  to  make  t 
electric  contact.  The  moving  part  may  be  a  simple  insulati 
ring  upon  a  rotating  ahat't,  it  may  even  he  a  bhalt,  or  is  a  coi 
mutator  with  conducting  segmente  Insulated  trom  the  shaft  ai 
from  each  other. 


IjRItFH  MODITIMC. 


In  tltreet  turrent  dj  namos  such  as  are  being  now  described,  t* 

brushes  betr  against  the  cylindrical  surface  of  the  cosmtutati 

Tangential    Bnishea,— The  ilTst  tawa'aes  -weTe  airings  of  mel 

taced  rangentially,  and  pressliiE  agai-os^V  Wve  t'l-n?,  w  •wscoim 

These    were   succeeded    by    compo^iTift  XitobV^  td***  ■ 

(»f  Pieces  of  copper  secured  etie  «xv  \o^  '^^  *^*  *««« 
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beveled  and  trimmed  accurately  square  at  the  end,  so  as  to  line 
with  the  commutator  divisions.  Wire  gauze  la  a  constituent  of 
some  brushes,  and  carbon  bearlne  directly  or  radially  on  the 


BBDHH    MOUMTINa. 


surface  ot  the  coniioutator  is  now  the  geneiaWy  accft^Xftft.  X^l'^  "A- 
6rusli.    It  presents  adiantagea  not  poaaeBfied  to^  ottifti  >aTVj.Av«»- 
Trlnu^as  Mexal   finiaAes.-Metal  brushea  tttUsS.  4V  X^Bft  '=«' 
muutor  cirols   with   tbeir   Hollow   beveled    enin,  »■«■«■  ■»'**'^ 
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trimmed  perfectly  sguare.  Gauges  are  provided  for  the  pur- 
pose. A  sliarp  cold  chisel  may  be  used,  or  a  sliears  may  suffice. 
A  liCtla  touching  up  with  a  file  may  be  needed.  If  a  file  Is  used, 
no  flliugs  must  be  left  on  the  metal,  as  they  might  stick  between 
the  commutator  segments  and  short-circuit  the  bars. 

Radial       Bpisbes.  —  The 

construction  of  a  radial  car- 

1  brush  and  brush  holder 

he  cut,  Fig.  210. 

A  block  of  carbon  is  held  in 

a  socket.     The  block   i 

freely    In    the    socket 


and  must  be  free   from   side  shake.     It    is   pushed   downward 
by  a  flat  spring,  and  rests  upon  the  commutator  surface.     The 
lower  surface  of  the  carbon  la  shaped  to  fit  the  commutator. 
The  spring  Is  so  long  that  its  pressure  is  sensibly  even  for  dif- 
ferent lengths  of  carbon  blocks.     The  carbon   blocks  constantly 
wear,  so  this  feature  of  even  pressure,  whether  they  are  long  or 
short,  which  is  equivalent  to  old  or  new,  is  a  valuable  one. 
Another  brush  mounting  is  shown  in  Fig.  211.     Here  the  brush 
/*■  faafened  in  a  socket  by  a  clampVig  scte-w,  Mi4  ».  spiral  pres- 
sure  spring    forces    the    brush    asa.Viis\.  Vna  <iQmniM\a\ji^,    -^te, 
lock  Is  held   by  strips   ol  hard  copper.  'N^iVtV  «ja.  \\Y.%  w^ti^ 
trf  conduct  the  current. 
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An  Important  advantage  In  radial  bruehes  is  tbat  if  an  arma- 
ture accldentalty  in  starting  or  stopping,  or  while  out  of  action, 
should  be  turned  backward,  radial  brushes  will  be  uninjured, 
while  tangential  or  iaciined  ones  will  probably  get  caught  in  the 
commutator  and  be  bent  back  and  injured,  so  that  they  will  re- 
quire straightening  and  trimming  before  the  dynamo  can  be 
started  again. 

Position  ot  Opposite  Brushes. — Brushes  on  opposite  sides 
should  not  be  set  so  as  to  bear  upon  exactly  the  same  zone  of 


Fro.  SII.^Radiai.  DansH  and  Holder, 

the  commutator.    They  should  be  staggered 
upon  the  whole  surface  of  the  commutator 
Brush  Rigging.— In  multipolar  machlnea. 
times  carried  in  sets  on  two  insulated  rings,  which  are  carried 
on  a  metallic  ring-    For  the  latter  a  seat  Is  turned  in  the  frame 
of  the  machine.    In  Fig,  212  Is  Illustrated  the  "brush  rigging"  as 
It  Is  called  of  an  eight-pole  machine,  and  the  next  cut  shows  a 
■et  of  the  brushes.     The  moMntiug  of  a  brush  of  one  of  these 
sets  is  shown  in  Fig.  211,     The  two  rings  are  ca.\\eft  ftift  v^aV 
ttre  and  xiepatlve  bns  rln^, 

A  commutator  is  always  apt  to  wear  a  little  UTve^jfetv,   tVe  ■Vix-a*!, 
boldmre  mre  made  as  light  as  possible,  so  aa  to  toWo'S  a^-J  V^tft^M-- 
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larltles  of  shape  of  the  cNjmtnutator.    A  properly-treated  commu- 
tator with  brushes  of  good  quality  wlil  wear  very  evenly. 

Relation  of  Depth  of  Air  Gap  to  Spantlng.— To  avoid  spark- 
ing, equal  induction  should  be  exerted  by  each  pole.     This  la  In- 


sured by  equal  pertneance  ■ 


[  the  magnetic  circuit.  An  unequal 
depth  of  air  gap  Is  the  most 
potent  disturbing  cause.  Some 
Irregularity  often  results  from 
wearing  of  the  bearings,  which 
throws    the    armature    out    of 


renter,  and  dimlnisheB  the  air  Raps  on  one  side  and  Increases 
them  on  the  other.  To  minimize  the  trouble  resultinR  from  this 
displacement.  11  is  a  standard  practice  to  make  the  air  gap  rather 
deep,  A  small  displacement  of  the  armature  shaft  under  these 
pircumstaneea  has  less  disturbing  effect  than  it  would  with  very 
small  air  gaps.  A  reduction  of  a  thirty-second  of  an  inch  would 
not  be  of  much  effect  in  a  half-incb  air  gap.  while  the  same 
ductlon  would  reduce  a  one-Bixtcenth-lnch  air  gap  fifty  per  cent, 
and  brine  about  very  irregular  or  one-sided  induction. 
^  Field  nagnet  lor  Multipolar  Dynamos.— Almost  all  large  dy- 
^Bgusoa  are  now  made  of  the  mulUpolaf  ty^e.    The  poles  are  often 
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DT  circular  Iron  frame  as  shown  in  Figs.  214,  215,  and  216.  The 
polea  project  radially  toward  the  center.  The  frame  constltutea 
the  field  yohe.  It  Is  often  made  in  two  parts  Joined  on  the  hori- 
zontal diameter,  and  the  poles  lie  on  the  diagonals  of  the  circle  as 
Bhown.    The  effect  of  this  Is  that  the  upper  halt  of  the  field  can 


ho.  at— FOUR-POLB  DVBAMO  FrAHE  FIO.  215.— MOEfflPOLlB    DlKAMO 

WITH  Section  or  Wihdino  FBAUBSnowiNaBitACKieTSFaR 

ON  One  Pole.  Oahryiho  Bbusb  Bioqinq. 

be  lifted  oft  without  touching  the  armature  surface,  a  very  essen- 
tial requirement,  he  any  rubbing  of  pole  face  against  the  surface 
of  the  windings  might  injure  the  insulation. 

In  some  machines  the  pole  pieces  are  made  of  steel  and  cast- 
welded  into  the  frame.  This  process  is  executed  by  imhedding  the 
pole  pieces  In  the  mold,  letting  their  ends  project  Into  the  space 
where  the  metal  for  the  semi-circles  of  the  field  frame  Is  to  run. 
The  melted  cast   iron   makes  a  perfect  joint  with  the  steel. 

Cast-iron  pole  pieces  are  used  upon  some  of  the  machines. 

Formed  coils  are  often  used  on  poles  as  shown  In  Fig,  217. 
Sometimes  they  are  wound  with  flat  conductors  bent  edgewise  as 
shown  in  Fig.  217a. 

To  Illustrate  what  has  preceded,  the  cwt,  Fl^.  1\%,  tgm  'cft  -t*-- 
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aamo^H^": 


ferred  to.    It  ahows  the  principal  parts  of  a  four-po!e  dynanf 

rear  post,  which  carries  the  armature  bearing,  heine  omitted  to   ' 

avoid  confusion.     The  ring  system  of  oil  feeding  is  used,  and 


'".— EllGHWItilt  BKKT  FIBLD   WiNDISa  iSD  POI.B 

ring  oilers  are  shown  under  the  left  end  of  the  edgewise  armature 
a^t  The  loose  rings  when  in  place  rest  upon  the  revolving 
ft  bearing  and  turn  with  It,  picking  uv  oil  and  feeding  it  to  the 
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Laminated  Field  Magnets. — Sometimes  the  field  la  made  up  of 
laminations  cut  aa  shown  in  Figs.  219,  220,  and  221.  The  windlngB 
11©  In  the  Inner  notcbea,  and  are  ho  placed  as  to  establish  alter- 
nate poles  all  around  the  circle.    The  platea  are  insulated  with 

Sectional    Uunlnated    Field    flasnets.— The   laminated    field 


^ 


> 


FiOs.  SIB,  220  A 


i>  gzi.— Lahinatki  Pibu)s. 


magnets  on  large  dynamos  are  often  made  in  sections,  as  shown 
in  Figs.  222  and  223.    These  pieces  are  bolted  together  so  as  to 
Tin  a  circle.     It  will  be  noticed  that  the  lower  one  has  perfor- 
ms. Mat/  not  notches.    The  windings  are  passed  through  these 
%  and  s  very  solid  cpnatructlon  \a  ttie  teaiiVt. 
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Socb  fields  as  tboae  shown  in  Ftge.  219  to  223  are  most  used 
in  altematlng'Current  generators. 

Details  of  Multipolar  Field  WlmUiiss.—Ttie  wtndlags  of  the 
field  poles  are  often  made  on  tin  spools  with  deep  flanges,  the 
surface  being  most  thoroughly  Insulated  by  mica,  paper,  and 
cloth.    One  by  one  these  are  wound  full  of  wire,  which  Is  ahel- 


FlOB,a33  A 


>  233,— SiCTIONAL  LAMINATIOItg  TOB  FlILD    UAOSKTe. 


lacked  and  baked,  so  as  to  produce  a  solid  mass,  ready  to  ba 
slipped  upon  the  pole. 

A  laminated  pole  piece  placed  over  the  end  of  each  cylindrical 
pole  holds  the  winding  In  place.  It  projects  on  both  sides  of  It, 
and  is  hollowed  out  accurately  to  the  circle  of  the  armature.  The 
space  between  it  and  the  armature  constitutes  the  air  gap. 

The  field  castings  have  to  be  carefully  machined  before  being 
set  up.  The  bases  and  joint  faces  are  planed  oB,  the  sections  are 
bolted  together,  and  the  Inner  faces  of  the  poles  are  then  turned 
off. 


CHAPTER  XIX. 

THE   ALTERNATING  CURRENT. 

Alternating  Electromotive  Force. — Although  the  term  alter- 
nating current  is  universally  used,  alternating  electromotive 
force  is  its  producer,  and  precedes  it  often.  The  true  original  is 
generally  alternating  electromotive  force. 

An  alternating  electromotive  force  is  one  which  alternates  in 
polarity,  regularly  or  in  obedience  to  some  law.  It  starts  at  a 
value  of  zero,  rises  to  a  maximum  of  one  polarity,  descends  to  a 
value  of  zero  again,  changing  in  direction  reaches  a  maximum  of 
opposite  polarity,  whence  it  returns  to  zero  again.  These  alterna- 
tions are  repeated  over  and  over  again. 

Cycle,  Wave,  and  Frequency. — The  changes  described  in  the 
last  sentence  constitute  a  cycle  or  wave  of  alternating  electro- 
motive force.  If  for  the  word  "polarity"  we  substitute  the  word 
"direction,**  the  sentence  will  describe  a  cycle  or  wave  of  alternat- 
ing current.  When  a  wave  of  alternating  current  or  of  alternating 
electromotive  force  reaches  its  point  of  greatest  value,  the  whole 
circuit  is  affected;  when  it  reaches  zero  value,  the  whole  circuit 
is  at  zero.  The  expression  wave  must  be  clearly  understood.  It 
does  not  mean  that  waves  run  over  the  circuit,  but  it  does  mean 
that  the  whole  circuit  passes  simultaneously  through  the  values 
of  the  cycle,  ranging  from  zero  to  a  maximum  in  one  direction, 
back  through  zero  to  a  maximum  in  the  other  direction,  and 
then  back  to  zero,  completing  a  wave.  The  number  of  waves  per 
second  is  called  the  frequency  of  the  alternating  electromotive 
force  or  current. 

Electromotive  Force  and  Current  Curve. — We  often  gain  in 

our  concoptions  of  things  by  analogies.     It  is  evident  that  the 

action  of  such  electromotive  force  is  analogous  to  that  of  a  wave. 

A  line  representing^  the  cross  section  of  a  wave  would  be  a  con- 
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venient  way  of  picturing  to  the  mind  the  action  of  alternating 
electromotive  force.  It  is  so  good  a  representation  that  it  is 
universally  used. 

Such  a  line  is  shown  in  the  cut,  Fig.  224.     v 

The  horizontal  line  is  what  the  geometricjtan  would  call  the 
locus  (place)  of  zero  values.  The  vertical  Hues  are  drawn  of 
length  corresponding  to  the  distance  of  points  of  the  curve  from 
the  horizontal  or  base  line.  They  are  called  ordinates  of  the 
curve.     The  curve  comprises  one  full  wave  or  cycle. 

The  portions  of  the  curve  below  the  horizontal  line  represent 
the  electromotive  force  of  one  polarity;  the  portions  above  the 
line  that  of  the  other  polarity.  The  lengths  of  the  ordinates  rep- 
resent the  strengths  of  the  electromotive  force.     The  shape  of 


270^ 
Fig.  324,— Sine  Cdrve  of  Generating  Circle. 


the  curve  represents  the  way  the  electromotive  force  increases 
and  diminishes. 

If  the  proper  conditions  prevailed,  an  alliernating  current  of 
exactly  identical  form  would  be  produced  by  the  alternating 
electromotive  force.  A  similar  curve  would  represent  the  cur- 
rent, its  ordinates  would  indicate  by  their  length  the  intensities 
of  the  current.  Their  position  above  or  below  the  zero  line  would 
-indicate  the  direction  of  the  current  constantly  changing;  for 
part  of  the  cycle  in  one  direction  and  for  part  of  the  cycle  in  the 
reverse  direction. 

The  current   is   the   factor  generally   referred  to   in   practice; 
alternating  electromotive  force  is  its  invariable  cause  and  con- 
comitant.    An  alternating-current  generator  is  a.lso  ^.\i.  ^\\.^^\!l^- 
Jns:  electromotive  force  generator,  and  an  a\XeTi[iaX\Ti^-eAVC\^x^X  "srj^- 
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tem  is  an  alternating  electromotive  force  system.  It  is  thus 
through  all  the  bra^nches  of  alternating-current  work.  But  the 
expression  "alternating  current"  is  always  used,  except  where 
there  is  special  reaston  for  using  the  other  expression,  "altemat- 
ing  electromotive  ibrce." 

Production  of  Alternating  Electromotive  Force  and  Current. 
— Alternating  electromotive  force  is  impressed  upon  a  circuit  by 
means  of  a  special  type  of  electric  machine  called  an  alternating 
current  dynamo,  alternating  current  generator,  or  alternator.  In 
practice  the  armature  contains  one,  two,  or  three  separate  wind- 
ings. The  terminals  of  the  windings  are  connected  to  various 
numbers  of  leads  constituting  the  outer  circuit.  The  armature 
is  so  wound  that  its  entire  winding  is  simultaneously  impressed 
with  the  same  electromotive  force  at  the  same  instant,  but  this 
electromotive  force  varies  though  the  values  of  the  wave  or  cycle 
just  described.  In  turning  through  the  arc  represented  by  the 
quotient  of  360°  divided  by  half  the  number  of  poles  in  the  field 
of  the  alternator,  one  cycle  or  wave  of  alternating  electromotive 
force  is  impressed  upon  each  of  the  armature  windings  and  cir- 
cuit. 

The  above  is  strictly  true  for  typical  alternators,  but  is  sub- 
ject to  modification  for  some  constructions. 

Length  of  a  Wave, — A  wave  curve  is  divided  into  or  measured 

by  360  parts.    This  refers  its  length  directly  to  degree  measure- 

moit,  as  there  are  360  degrees  in  a  circle.     Such  system  har- 

DOnizes   with   the   fact  that   alternating   electromotive   force  is 

.ways  generated  by  the  circular  motion  of  an  armature  or  field, 

id  that  a  single  wave  is  produced  by  a  complete  rotation  of  the 
mnature  or  field  through  360  degrees,  or  by  a  rotation  through 
an  integral  portion  of  360  degrees. 

Form  of  Alternating  E.  M.  F.  and  Current. — The  form  of 

the  curve  represents  the  nature  of  the  variations  of  the  electro* 

motive  force  or  current,  as  the  case  may  be.    The  form  of  a  cur- 

rent  Is  the  nature  of  its  variations,  and  is  graphically  represented 

^r  its  curve.     The  same  applies  to  e\ecuoisio\\^^  l^ixt^.    Xu  al- 

^tut/ng-  current  may  increase  slowVy  ot  sm^^chVj  » ^^'  ^xw  ^^s^. 

'»ora  series  of  jumps,  and  may  retwrn  lo  xex^  ni^Xv^^  *m  ^wt- 

XF»  also.     If  it  is  to  be  repTesente^  \i>'  ^  c^^^>  ^^^  '^^^^ 
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larities  of  the  current  will  be  shown  in  its  form.  Hence  the  form 
of  the  current  is  spoken  of,  and  expresses  the  consecutive  varia- 
tions in  intensity.  In  Figs.  225  and  226  waves  of  various  forms 
are  shown.  The  dotted  lines  represent  in  each  case  separate 
waves  of  exactly  the  same  length.  The  two  dotted  lines  com- 
bined produce  as  a  resultant  in  each  case  the  heavy  black  line, 
which  gives  a  third  wave  forin. 

Length  of  Wave  and  Frequency. — ^Waves  of  the  same  fre- 
quency are  those  which  are  produced  the  same  number  of  times 
in  a  given  period  of  time.     The  curves  representing  them  are 


Figs.  325  and  228.— Waves  of  Different  Forms  and 
Resultant  of  Two  Waves. 


drawn  of  the  same  length  per  wave  if  the  waves  are  of  the  same 
frequency.  In  the  diagrams  of  waves  in  this  section  of  this  book, 
the  waves  on  each  diagram  are  of  the  same  frequency,  and  are 
therefore  drawn  of  the  same  length. 

Cause  of  the  Form  of  Alternating  Electromotive  Force  and 
Current. — The  waves  of  current  may  vary  in  form,  and  the  form 
depends  upon  the  construction  of  the  generator,  with  particular 
reference  to  the  shape  of  the  field-magnet  pole  pieces  and  of  the 
armature  core.     The  distribution  of  lines  of  force  through  the 
field  may  be  varied   indefinitely  by  changing  the  shape  of  t 
poles,  even  if  the  armature  core  is  left  MnaVlexe^.    TV^  ^'v«" 
varies  in  intensity  as  the  rate  of  change  ot  tYve  TiWTsOoeT  c»l\Na 
force  interiiniied  with  the  circuit  varies.    T\vV^  T%X^  ol  c3WM^^ 
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pends  on  the  distribution  of  lines  of  force  in  the  field.  Hence 
any  form,  within  reasonable  limits,  can  be  given  to  the  alternat- 
ing electromotive  force  and  current  waves.  The  form  universally 
striven  after  is  known  as  the  sine  curve. 

Alternating:  Electromotive  Force  and  Current  Curves. — ^When 
an  alternating  electromotive  force  is  producing  a  current,  separ- 
ate curves  may  be  drawn  for  each.  One  zero  or  base  line  is  used 
for  both  curves.  The  portions  of  the  electromotive  force  curve 
above  the  line  represent  the  portions  of  the  electromotive  force 
producing  current   represented   by  the  portions   of  the  current 


Fia.  227.— Current  and  Electromotivb  Forcb  Curves. 


furre  above  the  line.    The  same  applies  to  the  curves  below  the 

tne.    The  length  of  a  wave  of  current  must  be  rigorously  equal 

o  that  of  a  wave  of  electromotive  force  producing  it.    The  height 

may  be  different,  and  as  a  matter  of  convenience  usually  is  so 

drawn.    Fig.  227  shows  two  such  wave  curves.    The  current  curve 

may  cross  the  zero  line  at  the  same  points  where  the  electromotive 

force  current  does,  or  may  not,  according  to  the  conditions  of  the 

circuit     The  single  zero  line  or  base  line  is  the  locus  or  place 

where  current  and  electromotive  toTce  Yva^^  xeto  ^^m^.    ^V^a. 

^be  current  curve  crosses  this  line,  it  \iveL\eaXe^  Wv^A.  nJs^^  ^mtt^tsX 

^t  instant  ceases  to  exist,     U  1^  t^Q  ^<^^^^  ^^^"^  "^"^  x^-^^x%^ 
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i  direction,  dropping  to  zero  in  one  direction  and  starting  in 
the  other  direction  from  zero.  The  same  applies  to  alternating 
electromotive  force  and  its  polarity. 

Drawing  tbe  Electromotive  Force  and  Curreat  Curves.— A 
straight  horizontal  line  is  drawn,  ami  a  portion  of  it  is  taken  to 
represent,  the  period  of  time  taken  by  the  system  to  produce  one 
wave  or  cycle.  For  several  reasons  it  is  most  convenient  to  divide 
this  into  periods  of  time,  each  equal  to  1/360  of  the  period  of  a, 
cycle  or  some  integral  divisor  oC  360,  such  1/36  or  1/16.  Suppose 
the  line  is  divided  into  sixteen  parts;  at  each  a  perpendicular  Is 
drawn.  These  are  called  ordinates  of  the  curve.  It  electromotive 
force  la  the  subject,  each  ordinate  is  drawn  of  length  proportional 
to  the  voltage  at  the  period  it  represents.  For  one  iiolarity  the 
ordinates  are  laid  oft  upward,  for  the  other  polarity  downward. 
Through  their  ends  a  line  Is  drawn,  and  this  represents  the  form 
of  the  cycle.  The  same  method  can  be  used  for  alternating-cur- 
rent eurres,  the  lines  heing  drawn  of  length  proportional  to  the 
amperage  of  the  current  at  different  periods  of  the  cycle.  The 
method  la  illustrated  in  Fig.  224. 

Decree  System. — The  portion  of  the  zero  line  containing  or 
Huhtending  a  complete  wave,  consisting  of  one  positive  and  one 
negative  portion,  is  by  the  degree  system  divided  into  the  360  di- 
visions as  described,  each  division  representing  one  angular  degree 
of  rotation  of  a  two-pole  armature  In  a  two-pole  magnetic  fleld. 
This  armature  may  be  only  hypothetical.  If  the  armature  is  four- 
pole  and  rotates  in  a  four-pole  field,  each  degree  on  the  zero 
line  of  the  current  curve  or  electromotive  force  curve  will  repre- 
sent one-half  of  a  degree  of  its  rotation;  if  it  is  a  six-pole  con"- 
struction,  one-third  of  a  degree  will  be  represen^.ed,  and  so  on, 
Thtia  the  ordinate  at  any  point  by  the  degree  system  can  he  re- 
ferred to  some  point  in  the  rotation  of  the  rotor  of  the  alter- 
nator This  indicates  a  reason  for  referring  the  divisions  of  the 
aero  line  to  degree  measurement.  The  form  of  the  alternating 
cnrrent  almost  universally  used  In  represented  by  the  sine  curve, 
and  to  malie  the  construction  of  the  curve  !.atfeUl%l\i\ft  i\i4  «*.%"! . 
tie  decree  system  Is  essential. 
j  Tlie  Siae  Curve.— The  sine  curve  or  cm-je  ol  avcve 
a^  called.  Is  shown  Jn  Wig.   224,  and  la  taaea  on.  ^-^^e>  ^o^*^^' 
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principles:  On  a  horizontal  base  line  are  erected  perpendiculars. 
The  line  is  divided  into  360  parts,  representing  degrees  of  a  circle. 
Each  perpendicular  is  laid  off  equal  in  length  to  the  sine  of  the 
angle  expressed  by  the  degree  mark  on  which  it  stands.  Up  to 
the  180th  division  the  perpendiculars  are  on  one  side  of  the  base 
line;  for  the  rest  of  the  360  divisions  they  are  below  it.  The 
curve  can  also  be  drawn  by  the  use  of  what  is  called  the  gener- 
ating circle. 

Generating  Circle. — At  one  end  of  the  horizontal  zero  line  a 
circle,  as  in  Fig.  224,  is  drawn,  with  its  center  on  the  line.  Sines 
of  various  angles  are  drawn,  and  from  the  end  of  each  sine  a 
horizontal  line  is  drawn,  under  or  over  the  zero  line,  according 
to  the  position  of  the  sines.  The  intersection  of  each  horizontal 
line  with  a  perpendicular  to  the  base  line  erected  on  it  at  a  point 
corresponding  to  the  degrees  of  the  arc  of  the  sine  gives  a  point 
on  the  sine  curve.  The  arcs  begin  at  the  right-hand  end  of  the 
horizontal  diameter  of  the  circle.  Half  of  the  sines  are  above 
and  half  below  the  base  line,  and  the  complete  circumference 
of  the  circle  gives  the  sines  to  determine  the  ordinates  for  one 
full  cycle  or  wave.  In  the  cut  22^2°  is  the  angle  used  in  the 
construction. 

•  The  curve  is  drawn  through  the  ends  of  the  lines.     The  com- 
plete circumference  of  the  circle  gives  one  full  wave. 

An  ellipse  or  various  other  figures  or  closed  curves  could  be 
substituted  for  the  circle,  when  other  forms  of  waves  would  be 
produced.  In  practice  the  circle  only  is  used,  as  the  tendency 
of  engineering  is  in  the  direction  of  the  production  of  sine  curve 
currents. 

By  reference  to  the  generating  circle,  the  sine  curve  may  be 
thus  simply  described.  Imagine  the  periphery  of  a  circle  straight- 
ened out  so  as  to  become  a  straight  line.  Mark  upon  it  the  de- 
grees of  the  circle.  Erect  perpendiculars  on  each  degree  mark, 
for  the  first  180°  above  the  line,  for  the  rest  below  it,  and  make 
each  line  equal  in  length  to  the  sine  of  the  angle  indicated  by 
its  degree  mark.  The  curve  is  drawn  through  the  ends  of  these 
JJnes. 
The  construction  is  shown  in  the  cut,  "FVg,.  VLk.  The  left-hand 
^drant  of  the  generating  circle  is  dWi^eei  Vato  «.\i^^  <al  I^Hi  . 
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or  one-sixteenth  of  a  circumference.  For  each  angle  sines  are 
drawn,  such  as  M  P.  On  the  base  line  divisions  corresponding  to 
the  angles  are  laid  off,  and  ordinates  erected  on  them.  Each  sine 
determines  the  length  of  the  ordinate  corresponding  to  its  angle. 
Thus,  the  sine  MP  of  45°  determines  the  length  of  the  ordinate 
M  P  erected  on  the  second  or  45°  of  the  sixteen  divisions  of  the 
horizontal  tase  line. 

Interpretation  of  the  Generating  Circle. — It  is  not  necessary 
to  draw  a  sine  curve  to  represent  the  form  of  this  universal  type 
of  alternating-current  cycle.  The  cycle  can  be  represented  by  the 
circle  alone.  Thus,  the  line  drawn  from  the  horizontal  diameter, 
perpendicular  to  it,  and  intersecting  the  circle  at  any  point,  gives 
the  value  of  the  electromotive  force  or  current  at  the  instant 
represented  by  that  point  on  the  circle.  This  line  at  90°  has  a 
maximum  value.  This  means  that  when  a  period  is  one-quarter 
advanced  from  its  beginning,  the  electromotive  force  or  the  cur- 
rent, as  the  case  may  be,  has  its  maximum  value.  The  same 
applies  to  the  270°  of  the  circle.  Values  below  the  diameter  are 
of  polarity  or  direction  opposite  to  that  of  values  above  it.  At 
180°  the  value  of  the  perpendicular  is  zero,  and  after  that  it  be- 
gins to  increase  in  the  opposite  direction.  This  means  that  when 
the  cycle  is  one-half  completed,  the  electromotive  force  or  cur- 
rent, as  the  case  may  be,  has  a  value  of  zero,  and  immediately 
begins  to  increase,  but  in  the  opposite  polarity  or  direction. 

Rate  of  Change, — At  the  top  or  bottom  of  the  loops  the  curve 
for  two  consecutive  points  is  horizontal,  where  for  an  infinitely 
small  period  it  moves  parallel  to  the  base  line.  Hence,  if  it  rep- 
resents current  strength,  the  current  for  this  instant  will  not 
change.  Where  the  curve  crosses  the  base  line  there  is  a  place 
where  the  curve  between  two  consecutive  points  is  most  steeply 
inclined  to  the  horizontal  line.  At  this  place  it  approaches  the 
vertical  direction  nearer  than  elsewhere,  and  at  this  place  the 
electromotive  force  or  current,  whichever  the  curve  represents, 
is  changing  most  rapidly  in  value.  It  has  here  its  highest  rate 
of  change. 

Graphic    Representation   of    Rate   of    Change.— If  a   radius 
sweeps  through  the  arc  of  a  quadrant,  the  SMceea^\N^  ^Vsi^^  ^^C^ 
Indicate  the  successive  values  of  the  aUeTiiat\ug»  cvxtvetLV  \\.  "Kiars 
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be  taken  as  representing.  As  it  starts  from  0°,  the  sines  will  in- 
crease most  rapidly  in  length  and  their  rate  of  change  will  be 
greatest.  As  it  approaches  90°,  the  sines  will  increase  least  rap- 
idly in  length  for  a  given  angular  change,  or  their  rate  of  change 
will  be  least.  Let  a  second  radius  at  90°  from  the  first  be  as- 
sumed to  move  around  with  the  first  one,  always  remaining  per- 
pendicular to  it.  The  sines  of  the  angles  fixed  by  the  positions 
of  this  second  radius  give  the  rate  of  change  of  current  or  elec- 
tromotive force  corresponding  to  the  sine  curve  of  the  other  or 
first  radius.     In  Fig.  228  the  two  radii  are  shown,  one  marked 

B.  of  Ch.  being  the  radius 
vector  of  rate  of  change. 

As  a  sine  curve  can  be 
drawn  from  the  first  radius, 
a  second  one  can  be  drawn 
from  the  other;  the  second 
sine  curve  will  be  a  rate-of- 
change  curve.  The  rate  of 
change  at  any  given  point  of 
the  first  curve  will  be  pro- 
portional to  the  ordinate  of 
the  second  curve  at  this 
point.  The  two  curves  will 
occupy  fixed  positions  with 
reference  to  each  other. 
They  are  said  to  be  in  quad- 
rature with  each  other,  as 
will  be  explained  later.  Fig. 
may  be  referred  to  as  showing  two  curves  generated  by  radius 
Tectors  at  right  angles  to  each  other. 

RluUos  Vector  and   Resaltant.— A  line  may  be  drawn  from 

a  common  center  or  point  called  the  origin,  and  may  have  two 

Qualities.    One  is  its  length.    This  may  be  greater  or  less;  and 

MB  the  Jine  is  to  be  taken  as  representing  a  quantity,  the  length 

o^  tile  line  must  be  proportional  to  tYve  c\>\aivtity  it  represents. 

^fs  proportional  size  is  determined  Vvy  xeleTenc^  V^  ^wxi^  ^\:c^«Kt 

otherwise  the  question  of  lengtlv  ^'ov\\^  Tio\  ^^om^  VoXxi  ^-ovv- 

^tlon.     The  other  quality  is  its  angvilaT  ^o^VX-Vii^^  ^VC^  ^^'^«- 


Vto.  29B.— Radius  Vector  of  Rate  of 
Change. 
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ice  to  any  other  quantity,  which  quaotity  is  taken  Ba  indicated 

/  another  Hue  drawn  from  the  origin  as  before.    The  angular 

position  is  the  number 

B  of  degrees  Included  be-  * 

tween  the  two  lines. 

Thus,     suppose     two 
quantities     represented 
by  two  lines.  Fig.   229, 
FiQ.  339.-  Veci'obb  anu  Bbscltam.  O  B     and     O  C,     drawn 

at  an  angle  with  each  other  and  one  longer  than  the  other.  They 
would  indicate  two  quantities  out  .of  phase  with  each  other  and 
one  greater  than  the  other.  They  would  form  two  sides  of  a 
parallelogram,  whose  diagonal  O  N  from  the  origin  0  outward 
would  be  their  resultant,  and  would  represent  the  combined  effect 
of  both  quantities. 

Vector  Diagram  of  a 
Sloe  Curve.— From  the 
center  of  a  generating 
circle  as  shown  in  Pig. 
230,  radiue  vectors  are 
drawn  at  equal  angular 
distances  around  the  cir- 
cle. Each  radius  has 
marked  upon  it  a  point 
equal  in  distance  from 
the  center  to  the  length 
of  the  sine  of  its  angle. 
In  the  diagram,  OQ  la 
laid  off  on  O  P  equal  in 
length  to  the  sine  of  60°. 
The  same  la  done  for  the 

other  radius  vectors,  and  a  curve  is  drawn.  For  one-half  of  the 
wave  this  is  a  circle  of  half  the  diameter  of  the  generating  circle. 
Two  circles  one  above  and  one  below  the  zero  line  reevwA'a.''.  y^ft 
tn}]  wave  of  a  sine  curve. 

Phase.  Lag,  and  Lead.— The  length  ol  a.  -wove  ot  \Mi'6t«sw 
electromotive  force  Is  exactly  equal   to  tbtt.t  ot  ttift  ■wft.ie  til-  •; 
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rent  it  produces.  The  waves  also  correspond  in  form,  although 
in  order  to  secure  clearness  in  diagrams  one  set  are  often  diawn 
of  lower  height  than  that  of  the  other  set.  The  two  sets  of 
waves  may  he  in  identical  positions.  This  means  that  as  each 
wave  of  electromotive  force  is  impressed  on  the  circuit,  a  cor- 
responding wave  of  current  accompanies  it.  At  the  instant  when 
the  electromotive  force  is  greatest,  the  current  would  be  greatest. 
Such  waves  are  said  to  be  in  phase  with  each  other,  and  are 
shown  in  Fig.  231. 

In  this  and  the  following  wave  diagrams,  the  figures  1,  2,  ...  . 
with  the  vertical  lines  enable  the  relations  of  the  curves  to  be 
seen. 

If  the  waves  of  alternating  electromotive  force  take  a  certain 


f "  ZV        13     x* 

Fig.  231.— Waves  in  Phase. 


2        3" 
Fig.  232.— Waves  in  Quadrature. 


time  to  produce  the  current  waves,  so  that  the  current  wave 
reaches  its  highest  intensity  after  the  electromotive  force  wave 
producing  it  has  begun  to  diminish,  the  current  waves  are  said 

to  lag. 

Such  a  condition  is  shown  in  diagram  in  Fig.  232  by  the  one 
set  of  waves  lagging  behind  the  other,  crossing  the  zero  line 
later  than  the  others. 

The   reverse  may  hold.     One  set  of  waves  may  reach  their 
height  before  the  other  set  reaches  it.     They  are  said  to  lead, 
which  condition  Fig.  232  also  serves  to  illustrate.     Such  condi- 
t/on  Is  shown  in  diagram  by  the  one  set  of  waves  reaching  their 
hig^hest  points  while  the  other  set  are  s\.\\\  tNsvs^^. 
Aagie  of  Lead  and  Lag .— Vv  e  Taa\e  seeiv  \.\v^^  ii.Ti©o\^^  ^^^m^^ 
oent  can  be  applied  to  waves,  and  lYiat  iWe  \^Ti'^^^  ^1  ^^^^I'^Ns 
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360°.  A  fraction  of  the  length  of  a  wave  is  expressed  in  de- 
grees. Half  a  wave  is  180°,  one-quarter  of  a  wave  is  90°,  and 
so  on.  The  difference  in  period  between  two  waves  is  expressed 
therefore  in  degrees  also.  One  set  may  lag  40°  behind  the  other; 
as  40°  is  1/9  of  360°,  a  lag  of  40°  means  a  lag  of  1/9  of  a  wave 
length.  The  same  applies  to  all  lags  and  leads.  The  expression 
in  degrees  is  called  the  angle  of  lag  or  of  lead  as  the  case  may 
be.     It  is  designated  by  6. 

Quadrature  and  Opposition.— If  the  angle  of  lag  or  of  lead  be- 
tween two  sets  of  waves  is  90°,  which  is  the  quarter  of  a  circle, 
the  wavfes  are  said  to  be  in  quadrature  with  each  other.  The 
waves  of  Fig.  232  are  in  quadrature. 

If  the  angle  of  lag  or  of  lead  is  180°,  the  waves  are  said  to  be 
in  opposition,  as  shown  in  Fig. 
233. 

Basis  of  Lag  and  Lead.— 
The  waves  of  alternating  elec- 
tromotive force  are  the  usual 
basis — the  current  waves  aro 
said  to  lag  or  lead.  But  if  the 
current  leads  the  electromotive 
force  lags,  and  sometimes  the 
current  is  employed  as  basis. 
A  diagram   of   sine   curves   of 

two  sets  of  waves,  out  of  phase  with  each  other,  can  be  interpreted 
in  two  ways — as  showing  one  set  lagging  or  the  other  set  leading. 

Average  Values. — The  average  intensity  of  a  sine  current  is 
equal  to  the  average  of  the  sines.  As  half  are  positive  and  half 
are  negative  in  value,  the  average  value  of  the  current  is  zero. 
This  is  more  simply  put  if  the  current  is  simply  thought  of  as 
alternating,  half  one  way  and  half  the  other,  and  therefore  as 
neutralizing  itself. 

This   is  begging  the  question.     The  thing  that   concerns   the 
electrician  is  the  practical  value  of  the  -alternating  current.     It 
is  a  component  of  energy  under  proper  conditions  both  com? 
and  going. 
The  average  value  of  the  ordinates  ot  a  s\t^^  ^^n^  ^'^'^ 
averas^e  value  of  the  thing  it  represents.     It  caja  X^e^  ^^^"^ 


FiO.  233.— Waves  in  Opposition. 
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as  a  fraction  of  the  longest  of  the  vertical  lines.  By  geometrical 
process  it  is  proved  to  be  equal  to  0.63633  of  the  maximum  ordi- 
nate, the  longest  of  the  vertical  lines — it  is  nearly  two-thirds  of 
the  line  indicating  the  height  of  the  crest.  This  figure  is  of  little 
practical  use,  because  what  the  engineer  is  concerned  with  is  the 
power  on  his  circuit.  In  the  case  of  direct  current,  the  product 
of  electromotive  force  by  amperes  gives  the  power.  Direct-cur- 
rent power  plants  operate  either  at  constant  potential  or  con- 
stant current,  while  the  electromotive  force  and  current  are  con- 
stantly varying  in  alternating-current  distribution.    The  formulas 

■p«9 

for  energy  rate  or  power  I  E,  P  R,  and  _  are  given  in  a  preceding 

section  of  this  book.  The  two  latter  can  be  used  for  alternating 
current  work,  to  get  two  of  the  factors  for  the  power  of  the 
circuit — the  effective  electromotive  force  and  effective  current. 

Effective  Values. — The  square  of  the  value  of  a  current  is  pro- 
portional to  the  watts  it  can  produce  in  a  conductor  of  definite 
resistance.  The  watt  or  volt-ampere  is  Expressed  by  EI  and  by 
PR  and  the  latter  expression  shows  that  with  a  fixed  resistance 
the  watts  produced  by  a  current  vary  with  the  square  of  the 
current. 

The  effective  value  of  an  alternating  current  is  expressed  as 
the  intensity  of  a  direct  current  which  would  with  the  same  re- 
sistance develop  the  same  number  of  watts.  This  current  would 
produce  the  same  quantity  of  heat  with  the  same  resistance. 
Doubling  the  current  with  the  same  resistance  would  give  four 
times  the  heat. 

The  heating  effect  of  an  alternating  current  at  any  instant  is 
proportional  to  the  square  of  its  intensity  at  that  instant.  The 
average  of  the  squares  of  the  values  of  the  current  through  a 
half  cycle  is  proportional  to  the  average  heating  effect  of  the 
current.  The  square  root  of  this  average  value  is  the  effective 
value  of  the  current. 

Calculation   of   Effective   Values.— Taking  PR  and  ^  as  ex- 

R 

pressions  for  the  rate  of  energy  in  a  circuit,  if  the  average  value 

^f  the  squares  of  current  or  of  electromotive  force  be  taken,  it 
'  give   the    expressions    for   average  po^^t.     If  the   square 
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root  of  average  P  or  average  E*  be  extracted,  it  will  give  what 
is  known  as  the  effective  values  of  current  and  electromotive 
force.  The  effective  value  of  an  alternating  quantity  is  defined 
as  the  square  root  of  the  mean  square  of  the  ordinates  of  the 
sine  curve.     The  effective  value  is  thus  calculated. 

Both  the  sines  and  cosines  of  the  respective  arcs  of  a  quad- 
rant vary  exactly  in  the  same  ratio,  but  oppositely  or  comple- 
mentarily  disposed  on  all  parts  of  a  quadrant.  We  have  the  re- 
lation sink's  +  cos*  0  =  1,  if  the  radius  is  equal  to  unity.  As  the 
sine  and  cosine  vary  in  the  identical  ratio,  the  average  sine*,  is 
equal  to  the  average  cosine^  Therefore  from  these  considera- 
tions we  have: 

Average  sin^  Q  -\-  average  cos=  0=1 

Average  sin*  9  =  average  cos'  0  disregarding  the  signs  and 
only  concerning  ourselves  with  the  numerical  value. 

.'.  2  X  average  sin*  0  =  1 

Average  sin*  6  =:  i^. 

Average  sin  0  =^/~T>  = =  0.7071. 

V    ^'i        1.41  -|- 

This  gives  us  the  factor  used  in  obtaining  the  effective  value 
of  the  thing  shown  by  the  sine  curve.  The  effective  value  is  then 
equal  to  the  maximum  value  multiplied  by  0.7071.  The  maximum 
value  in  the  unitary  circle  is  1,  and  the  formula  is  therefore  ap- 
plicable to  other  cases  by  substituting  for  1  the  value  of  the  &m 
90°  X  radius  =  radius. 

Form  Factor, — The  quotient  obtained  by  dividing  the  effective 
value  by  the  mean  value  varies  with  the  form  of  the  curve.    For  a 

707 

sine  curve  the  value  is  .        ^1.11.    This  value  is  called  the  form 

-     ^     636 

factor. 

This  factor  is  of  interest  as  giving  the  relative  heating  powers 
of  alternating  and  direct  currents.  The  alternating  current  will 
have  about  eleven  per  cent  more  heating  power  than  will  the 
direct  current,  which  is  of  the  same  average  strength. 

If  an  alternating  current  voltmeter  is  placed  upon  a  circuit 
in  which  the  volts  range  from  +100  to  — 100,  it  will  read  70.7 
volts,  although  the  arithmetical  average,  irrespective  of  -f  or  — 
sign,  is  really  63.7  volts.     If  a  direct  electromotWft  tcrc^^  ^^^'^ 
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to  act  upon  the  same  instrument,  it  would  have  to  be  of  70.7  volts 
value,  to  give  the  same  reading. 

If  an  alternating  sine  current  ammeter  reads  100  amperes,  it 
means  that  the  current  fluctuates  from  +141.4  to  — 141.4  am- 
peres, but  produces  the  same  heating  effect  as  if  it  were  a  100- 
ampere  direct  current. 

An  interesting  point  to  be  made  here  is  that  if  a  generator 
is  wound  with  two  windings  for  alternating  currents,  its  effective 
electromotive  force  will  be  1.11  times  higher  than  if  operated 
as  a  direct-current  dynamo,  by  commutator  and  proper  connec- 
tions. If  wound  with  one  open  circuit  of  wire  with  two  end  con- 
nections to  the  collecting  rings,  its  electromotive  force  will  be  2.22 
times  higher. 

The  tendency  of  an  electromotive  force  on  a  circuit  to  cause 
the  piercing  of  the  insulation  depends  on  the  maximum  voltage. 
This  voltage  must  be  taken  cognizance  of  for  this  and  similar 
effects. 

If  on  a  Siemens  dynamometer  the  current  given  by  an  alternator 
was  found  to  be  any  given  number  of  amperes,  the  maximum  cur- 
rent would  be  found  by  dividing  the  reading  by  0.707,  or  by  multi- 
plying by  1.41-I-. 

Formulas  for   Effective  Values. — The  values  can  be  expressed 

as  vulgar  fractions  thus: 

I  max 
Effective  currents z= 

E  max 
Eiffective  electromotive  force  =   — ^:::^ 

It  will  be  noticed  that  in  cases  where  the  electromotive  force  or 
current  intensity  has  been  determined  by  an  apparatus,  it  is 
always  the  effective  values  that  are  given  by  the  readings  of  the 
instrument.  As  these  are  the  working  values,  the  coefficient  0.707 
is  of  comparatively  little  use  in  practical  working. 

Power  Factor. — The  rate  of  energy  or  the  power  developed  in  a 

Circuit  by  a  direct  current  is  expressed  by  EI.    This  will  not 

answer  lor  the  alternating  sine  current.     The  periodic  change 

in  its  values  renders  a  constant  necessary,  with  which  the  prod- 

uct  of  the  effective  current  intensity  by  the  effective  electro- 
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motive  force  is  multiplied  to  give  the  average  power.   This  is  a 

practical  quantity;  it  is  the  cosine  of  the  angle  of  lag,  or  cos  <p. 

„                          B  max  J  max 
Average  E  I  or  power  = cos  <p. 

Call   effective  current  I,  and  effective  electromotive  force  E. 

The  equations  for  the  effective  values  of  current  and  electromotive 

force  on  page  330  give  us  the  values  of  B  max  and  I  max,  thus: 

E  max  , 

E  = _-  or    E  max  =  B.  y'  2 

I  max  

I r^or    Imax  =  I.A/2 

V'2 
Substituting  for  E  max  and  I  max  in  the  first  equation  their 

values  as  above,  we  have: 

Average  E  I  or  power  =  EI  cos  tp. 

In  this  equation  B  and  I  are  the  effective  values,  such  as  would 
be  determined  by  a  voltmeter  and  ammeter  adapted  for  alte^^nat- 
ing  currents. 

The  factor  cos  cp  is  called  the  power  factor. 

Suppose  the  angle  of  lag  is  90°,  or  that  electromotive  force  and 
current  are  in  quadrature  with  each  other.  In  this  case^=  90^ 
and  cos  90°  =  0.  Therefore,  the  power  factor  being  zero,  the 
power  when  the  current  and  electromotive  force  are  in  quadrature 
with  each  other  is  of  zero  value.  This  is  the  case  of  a  wattless 
current. 

A  cosine  has  its  greatest  value,  which  is  unity,  when  its  angle 
is  0°.  Therefore  when<??=0  the  power  is  at  its  greatest,  and  is 
equal  to  the  product  of  the  effective  values  of  electromotive  force 
and  current  intensity.  This  case  is  when  there  is  no  lag  of  cur- 
rent, or  when  the  current  and  electromotive  force  are  in  phase. 

Qualities  of  a  Circuit. — There  are  three  qualities  of  a  circuit 
which  affect  the  action  of  alternating  current  and  electromotive 
force  upon  it — resistance,  inductance,  and  capacity.  Each  one 
has  two  effects — one  effect  upon  the  current,  the  other  effect 
upon  the  phase  relations  of  electromotive  force  and  current. 

Resistance  acts  to  reduce  alternating  current,  just  as  it  does 
in  the  case  of  a  direct  current,  in  accordance  with  Ohm's  law. 
This  action   upon  an  alternating  cuTieiit  \^  ?»t^^\.^^\.  ^\\fe^  v"^- 
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current  is  greatest,  as  at  the  top  of  the  wave,  and  is  without 
effect  when  the  current  is  zero,  represented  hy  the  sine  curve  cross- 
ing the  zero  line;  in  other  words,  it  has  most  effect  when  it  has 
most  material  to  work  upon.  Its  second  action  is  to  tend  to  bring 
alternating  current  and  alternating  electromotive  force  into  phase 
with  each  other. 

Reactance.. — The  rate  of  alternating  current  which  can  pass 
through  a  circuit  is  modified  by  the  resistance,  inductance,  and 
capacity  in  the  circuit.  The  effects  of  each  on  the  current  can  be 
indicated  by  ohms;  the  retarding  effect  of  inductance  and  the 
reverse  effect  of  capacity  can  be  expressed  in  ohms,  just  as  if  they 
were  resistance. 

The  ohmic  values  of  capacity  and  inductance  are  called  react- 
ances— capacity  reactance  and  induction  reactance. 

If  the  reactances  and  resistance  of  a  circuit  are  known,  its  effect 
upon  an  alternating  current  is  determined  by  Ohm's  law  subjected 
to  certain  modifications. 

Inductance. — ^The  relation  of  lines  of  force  to  current  is  in- 
duction. Current  produced  in  a  circuit  by  changes  in  the  lines 
of  force  interlinked  in  it  is  induced  current,  and  electromotive 
force  so  produced  is  said  to  be  impressed  on  the  circuit.  The  rela- 
tions of  lines  of  force  produced  by  current  in  a  circuit  to  that 
circuit  constitute  inductance  or  self-induction.  As  self-induc- 
tion is  due  to  changes  in  current  intensity,  it  is  an  all-important 
thing  in  alternating  current  practice,  where  the  current  varies 
in  intensity  many  times  in  a  second. 

Inductance  in  an  alternating-current  circuit  acts  to  diminish 
or  to  absorb  the  electromotive  force.  It  operates  most  when  the 
current  is  at  its  zero  value,  because  that  is  when  the  rate  of 
change  is  greatest.  This  period  is  90°  removed  from  the  period 
of  maximum  current,  so  that  inductance  acts  in  quadrature  with 
resistance.  Its  second  action  is  to  cause  the  waves  of  current  to 
lag  behind  those  of  the  electromotive  force. 

Inductance    and    the   Henry.— Ehiergy   is   required   to   create 
a  field  of  force,  but  not  to  maintain  it.    Conductors  are  related 
In  their  properties  to  the  field  ot  toxce  ^s,\.«iW\^^^  \v:^w\l  them 
At  a  current,  or  in  other  words  vary  iii  \^i^V^  ^to^^xVl  ^1  ^-eXs^J^ 
^Insr  Gelds  of  force  under  given  cuTxeiil  c\x^.Ti^^^.  ^^^V3^  ^^^'^^^ 
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tutes  this  property  called  self-induction  or  inductance,  and  which 
is  measured  by  a  unit  called  the  henry. 

If  a  conductor  is  so  constituted  that  a  rate  of  change  of  cur- 
rent of  one  ampere  per  second  in  it  requires  the  expenditure  of 
one  volt,  it  has  an  inductance  of  one  henry. 

The  same  thing  may  be  stated  otherwise.  If  the  inductance 
of  a  circuit  is  such  that  a  current  increasing  one  ampere  per 
second  produces  in  it  a  counter  electromotive  force  of  one  volt, 
the  circuit  has  an  inductance  of  one  henry. 

The  henry  is  sometimes  called  the  coeflacient  of  inductance  or 
of  self-induction. 

It   is  generally   indicated   by  the   letter  L. 

If  the  current  in  an  active  circuit  decreases,  the  lines  of  force 
diniinish  and  their  potential  energy  becomes  kinetic,  and  electro- 
motive force  increasing,  the  normal  current  is  induced  on  the 
circuit. 

Electromotive  Force  lo  an  Alternating.Current  Circuit.— 
The  electromotive  force  in  an  alternating-current  circuit  con- 
taining inductance  is  partly  expended  in  producing  changes  in 
the  current.  The  electromotive  force  expended  on  increasing  the 
current  intensity  varies  with  the  rate  of  change.  As  the  current 
increases,  so  also  does  the  field  density  increase,  and  this  in- 
crease of  field  density  is  what  absorbs  the  energy  indicated  by 
the  electromotive  force  multiplied  by  the  current  change.  If 
the  circumstances  are  such  that  the  field  diminishes  in  density, 
in  so  doing  it  generates  electromotive  force  of  the  polarity  cor- 
responding to  that  producing  the  current  to  which  the  lines  of 
force  are  due.  '' 

Cou<iter  Eiectromotive  Force.— This  is  the  hypothetical  elec- 
tromotive force  opposed  in  polarity  to  the  original  impressed 
electromotive  force,  and  due  to  inductance.  It  can  only  exist 
when  the  current  is  increasing  in  value.  In  an  alternating-cur- 
rent circuit  it  appears  when  the  current  is  increasing,  and  has 
the  highest  value  when  the  current  has  the  highest  rate  of  change, 
which  is  when  the  current  is  passing  from  its  ijexvod  q.1  'L^^'^k 
v3/ue.  It  resists  the  action  of  impressed  eVecXTOTCioWN^  "Icrtvi.^, 
wlilcli  produces  an  increasing  current — lYiat  is  lo  s»«uV ,  x^i^NsX's.  XX^^ 
current  in  the  Grst  and  third  quarters  ot  a  ^av^. 
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Forward  Electromotive  Force, — This  is  the  hypothetical  elec- 
tromotive force  of  the  same  polarity  as  the  original,  and  is  also 
due  to  inductance.  It  can  only  exist  v/hen  the  current  is  dimin- 
ishing in  value,  and  has  its  highest  value  when  the  current  is 
approaching  zero  value.  It  strengthens  the  action  of  impressed 
electromotive  force  which  produces  a  diminishing  current;  it 
tends  to  increase  the  current  in  the  second  and  fourth  quarters  of 
a  wave  when  the  impressed  electromotive  force  would  reduce  it. 

Counter  and  Forward  Electromotive  Force  in  an  Alternat- 
ing-Current Circuit. — From  what  has  been  said  in  the  last  two 
paragraphs,  it  will  be  seen  that  induced  electromotive  force  in  an 
alternating-current  circuit,  whether  it  be  forward  or  co".nter 
electromotive  force,  opposes  the  action  of  the  impressed  electro- 
motive force.  When  the  latter  is  rising  in  value,  its  action  is 
opposed  by  counter  electromotive  force;  when  it  is  falling  in 
value,  its  action  is  opposed  by  forward  electromotive  force.  Hence 
inductance  generates  for  an  alternating  current  what  is  virtually 
counter  electromotive  force  for  all  its  phases. 

Turns  of  a  Circuit  and  Inductance. — Assume  a  turn  or  con- 
volution of  a  wire  constituting  a  part  of  an  electric  circuit.  If  an 
ampere  of  current  is  passed  through  it,  it  constitutes  an  ampere 
turn.  Let  a  current  starting  from  zero  value,  and  increasing 
to  a  definite  value  in  one  second,  be  passed  through  it.  The 
lines  of  force  of  the  field  called  into  being  will  exercise  induc- 
tance and  produce  a  certain  amount  of  counter  electromotive 
force,  which  may  be  called  e.  Assume  that  a  second  convolution 
01  wire  is  added,  so  that  the  current  has  to  go  through  two  turns, 
instead  of  one.  As  this  gives  double  the  ampere  turns,  twice  as 
many  lines  of  force  will  be  called  into  existence  during  the  second 
of  growth  of  a  current  equal  in  all  respects  to  the  one  assumed. 
Each  turn  of  wire  will  therefore  be  impressed  with  counter  elec- 
tromotive force  equal  to  2e,  because  twice  the  lines  of  force  of 
the  first  case  act  upon  it.  But  there  are  two  turns,  each  acted  on 
by  counter  electromotive  force  of  2e.  The  total  counter  electro- 
motive force  is  therefore  4e.    This  gives  the  law: 

The  inductance  of  a  circuit  is  proportional  to  the  square  of  the 
number  of  its  turns,  if  a  constant  xal^  ot  increase  of  current  is 
maintained  in  it. 
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Reactance  of  Inductance.— A  circuit  opposes  to  the  passage  of 
an  electric  current,  whether  such  current  be  constant  or  varying, 
a  resistance.  This  is  measured  by  the  practical  unit,  ohm,  and 
in  alternating  current  topics  is  often  called  for  precision's  sake 
ohmic  resistance.  This  is  the  resistance  of  Ohm's  law,  indicated 
in  formulas  by  R,  and  is  independent  of  the  electromotive  force 
and   current. 

Self-induction,  which  when  a  current  is  increasing  in  strength 
manifests  itself  by  counter  electromotive  force,  increases  with 
the  current  and  therefore  with  the  electromotive  force.  Counter 
electromotive  force  is  a  variable  quantity  in  a  circuit  of  fixed 
inductance. 

From  Ohm's  law  expressed  as  I  =  JlL  we  see  that  in  a  circuit 

of  constant  resistance  the  electromotive  force  must  vary  directly 
as  the  current.  Therefore,  as  induced  electromotive  force  varies 
directly  with  the  current  change,  we  can  deduce  an  expression 
which  will  express  it  as  a  constant  resistance,  into  which  ex- 
pression current  will  not  enter  as  a  factor.  Then  in  the  expres- 
sion for  the  entire  obstruction  offered  to  an  alternating  or  other 
type  of  varying  current,  we  shall  have  two  additive  constituents. 
One  is  ohmic  resistance,  independent  of  current  strength;  the 
other  is  an  ohmic  equivalent  of  inductance,  also  independent  of 

current  strength. 

•p 
Ohm's  law  can  be  expressed  as  R  =-J..    The  inductance  of  a 

circuit  multiplied  by  the  current  change,  which  other  things  be- 
ing equal  varies  with  the  ultimate  current  strength,  is  equal 
to  the  counter  electromotive  force.  As  these  two  factors  increase 
and   diminish   together,  counter  electromotive  force  divided  by 

E 
current  strength  is  a  constant  quantity.    By  Ohm's  law =  r 

or  resistance.  Hence  we  can  express  the  effect  of  counter  elec- 
tromotive force  on  a  varying  current,  which  calls  it  into  ex- 
istence, by  a  constant  resistance  equivalent  thereto  in  its  action 
on  such  varying  current. 

This  resistance  can  be  expressed  in  ohms,  and  Is  e^.Uft.4  x^- 
actance. 
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By  Ohm's  law  R  =_.      Therefore,  R  =:_?^  where  n  is  taken 

1  nl 

as  any  multiple  whatever.  But  by  the  law  of  self-induction  a  rate 
of  change  in  a  current  will  produce  a  definite  counter  electromotive 
force  in  a  specific  circuit.  If  such  rate  of  change  be  multiplied  by 
a  factor,  which  may  be  indicated  by  w,  the  electromotive  force  in- 
duced by  it  will  also  be  increased  in  precisely  the  same  ratio,  or  n 
times.  Calling  the  rate  of  increase  of  current  I  or  wl  as  the  case 
may  be,  the  induced  electromotive  force  will  be  E  and  nE  respec- 

tively,  and  —  =  — __  =  R.  Reactance  is  therefore  expressible  in 
ohms.  ^        ^'^ 

Ohmic  Equivalent  of  Reactance  of  Inductance. —This  numer- 
ical quantity  depends  on  two  factors.  One  is  the  inductance  in 
henries  of  the  circuit,  and  the  other  is  the  frequency  of  the  alter- 
nations of  the  current.  Calling  inductance  in  henries  L  and  fre- 
quency /,  we  have  the  expression  for  the  value  of  inductance  re- 
actance, A,  in  ohms: 

A  =  2  Ttf  1j  or   6.28318  /L 
The  numerical  factor  6.28318  is  2  tt. 

Inductance  Reactance  in  Subdivided  Conductor. — The  induc- 
tance of  a  copper  wire  varies  very  little  for  variations  in  its  di- 
ameter. In  round  numbers  a  wire  of  167,000  circular  mils  cross 
section  has  80  per  cent  of  the  inductance  of  one  of  42,000  circular 
mils  and  70  per  cent  of  the  inductance  of  one  of  6,500  circular 
mils.  The  resistance  in  these  three  wires  would  be  approximately 
in  the  ratio  of  4  :  16  :  100,  the  inductance  as  70  :  80  :  100.  The 
resistance  varying  inversely  with  the  circular  mils,  increases 
in  a  much  greater  ratio  than  the  inductance,  and  the  discrepan«y 
increases  in  more  rapid  ratio  as  the  conductors  are  reduced  in 
size.  With  sufficient  subdivision  the  ohmic  resistance  would  in- 
cease  in  so  rapid  a  ratio,  that  the  inductance  could  be  taken  as 
constant  without  any  considerable  error. 

Assume  that  inductance  is  unchanged  by  reducing  the  size  of 

the  conductor,  and  that  we  have  a  conductor  of  1  ohm  resistance, 

and  at  the  given  frequency  of  alternation  possessing  Inductance 

whose  effect  is  a  reactance  of  5  oYima.    Assume  that  a  current 

of  1  ampere  is  to  be  maintained. 

^Ae  graphic  solution  is  first  gi\eii. 
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The  perpendicular  line.  Fig.  234,  is  divided  for  ohms  of 
resistance,  the  horizontal  line  for  reactance,  which  is  the 
ohmic  equivalent  of  self-induction.  The  diagonal  A  indicates 
the  impedance.  Suppose  we  substitute  four  wires  of  the 
same  aggregate  section,  then  each  wire  will  have  a  resistance 
of  4  ohms,  and  by  our  assumption  the  same  inductance  and 
consequent  ohmic  equivalent.  The  impedance  of  a  single  con- 
ductor will  be  shown  by  the  line  F.  But  this  single  con- 
ductor carries  only  one-fourth  the  current,  or  one-quarter  am- 


1  2  '6  4  5 

Fio.  234.— Rbaotancb  nr  Subdividbd  Oohdugtob. 


pere,  because  there  are  four  of  them.  Its  length  represents  the 
total  impedance  of  one  of  the  new  lines,  and  evidently  is  not  four 
times  as  long  as  A,  but  is  but  a  small  fraction  greater.  There- 
fore one  of  the  new  lines  with  an  impedance  of  6.04  ohms  (for 
6.04  is  the  length  of  R)  has  only  one-fourth  the  current  to  carry 
that  the  original  thick  wire  of  impedance  5.1  ohms  had  to  carry. 
The  voltage  drop  in  the  thick  line  is  by  Ohm's  law: 

5.1  X  1  =  5.1  volts. 
The  voltage  drop  in  one  of  the  thin  lines   is: 

6.04   X   M:  =  1.5  volts. 

But  as  the  four  thin  lines  are  in  parallel,  there  will  be  the 
same  drop  in  each,  or  the  subdivided  main  will  carry  the  same 
current  as  the  thick  solid  one  at  less  than  one-third  the  drop 
in  potential. 

The  assumption  made  that  self-lnductane^  V^  \Xi^  ^"au-mfc  lort  ^kiC^ 
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wires  is  incorrect,  but  the  increase  is  so  slow  that  the  principle 
is  correctly^  illustrated.  If  accurately  calculated,  the  result  will 
be  a  little  less  favorable  to  the  bubdivided  line. 

Capacity. — This  is  the  third  quality  which  may  exist  in  an 
alternating-current  circuit.  It  is  the  last  of  the  three  qualities 
spoken  of  on  page  331.  Its  action  upon  alternating  current  is 
the  reverse  of  that  of  inductance,  as  it  reduces  resistance  and 
gives  lead  to  the  current.  It  is  indicated  by  such  diagrams  as 
Fig.  235;  inductance  by  such  as  Fig.  236;  non-inductive  resistance 
by  such  as  Fig.  237. 

Reactance  of   Capacity. — If  a  condenser  is  connected  in  a  cir- 


FiG.  235.— Symbol  of  Capacity. 


Fig.  336.--SYMBOii  of  Inductance. 


Fig.  237.— Sthbol  of  Non-Inductive  Resistance. 

cuit,  it  will  open  or  break  the  circuit  as  far  as  a  direct  current 
is  concerned.     No  current  would  pass,  and  the  circuit  would  be 
blocked  as  effectually  as  if  the  wire  were  cut.     But  the  circuit 
with  a  condenser  in  it  is  a  closed  circuit  for  an  alternating  cur- 
rent.   Electricity  may  be  said  to  be  poured  into  it  at  one  period 
and  out  of  it  at  another,  so  that  the  alternating  action  is  kept  up 
as  if  it  were  a  closed  circuit. 
Just  as  resistance  and  inductance  have  each  a  twofold  effect 
/n  an  alternating  current  circuit,  one  upon  the  current  intensity 
tuid  the  other  on  the  phase  relalioii  ol  ^.\V^T\\a.\N?a.^  ^wxx^nt  and 
ti^etromotlve  force,  so  has  capacity.    Ca.^ae\\>j  Vs^^ct^^i&^'e.  q.\ixx^\^\. 
^ucea  the  resistance,  or  Increases  l\xe  eoTv^x^^X-V^Wi  ^\  ^  <>x. 
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cuit  for  alternating  currents,  and  acts  to  give  the  current  a  lead 
over  the  electromotive  force.  Its  action  is  exactly  the  reverse  of 
that  of  inductance.  Infinite  inductance  would  reduce  an  alter- 
nating current  to  zero,  while  increase  of  capacity  would  diminish 
the  reactance  of  a  circuit  so  that  an  alternating  current  in  it 
would  be  of  increased  strength. 

Ohmlc  Equivalent  of  Reactance  of  Capacity. — It  is  best  to 
use  the  farad  as  the  unit  of  capacity  in  the  reactance  formula. 
Capacity  appears  in  the  formula  as  the  denominator  of  a  fraction, 
so  that  capacity  reactance  would  become  zero  if  capacity  became 
infinite.  The  formula  is  in  form  the  reciprocal  of  the  induc- 
tance reactance  formula,  page  336,  with  farads,  indicated  by  K, 
substituted  for  henries. 

Calling  farads  of  capacity  K,  and  capacity  reactance  B,  we  have; 

„           1  1 

R= =  or 


2  TT/K        6.28318/ K 

This  gives  the  value  of  capacity  reactance  in  ohms  for  a  cur- 
rent of  frequency  f  with  a  capacity  of  K  farads  in  its  circuit. 

Impedance  indicates  the  impeding  effect  exercised  upon  an  al- 
ternating current  by  the  combined  ohmic  resistance  and  reactances 
of  the  circuit  through  which  it  passes.  A  circuit  always  contains 
resistance,  and  may  contain  capacity  and  inductance.  If  it  con- 
tains two  or  three  of  these  qualities,  the  ohmic  resistance  it  of- 
fers to  the  passage  of  an  alternating  current  is  made  up  of  the 
combined  effect  of  resistance  and  reactance;  the  latter  may  be  of 
one  or  of  both  kinds.  The  combined  effect  is  not  due  to  simple 
addition  because  induction  reactance  and  capacity  reactance  are 
opposed  to  each  other,  and  each  is  in  quadrature  with  resistance. 

Calling  resistance  R,  inductance  reactance  A,  and  capacity  re- 
actance B,  we  have  as  the  value  of  impedance: 


Impedance  =  V  R'  +  (A  —  B)  = 
If  there  is  no  inductance  reactance,  then  A  ^  0,  and  the  above 


by  regular  algebraic  process  reduces  to  VR"  -f  B^ 
If  there  is  no  capacity  reactance,  then  B  ^  0,  and  it  reduces  to 


VB'-y-  A'. 

Electric  Resonance. —This   term  is   appWed  io  Vji^  ccytv^^Wo^ 
tliat  obtains  In  a  circuit  when  the  inductance  xeaet^jao,^,  ^^Vt^^'^^^ 
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by  2;rfL,  and  the  capacity  reactance,  expressed  by       ^         are 

27efK 
equal  to  each  other.    The  formula  for  the  impedance  of  a  circuitz: 
containing  resistance  inductance  and  capacity  is: 

Impedance  =^R=  +   (s  ;r  /  L  —  j^^j^) 

If  2  7t  f  Lt  = i then  the  formula  reduces  to: 

Impedance  =  ^W  or  R. 

Electrical   resonance   in   other  words   causes  an   alternating-cur- 
rent circuit  to  act  as  if  it  had  only  true  ohmic  resistance.    But 
its  capacity  and  Inductance  have  not  been  annihilated,  but  only 
put  into  opposition  with  each  other,  and  this  brings  about  re- 
sonance. 

By  Ohm's  law  we  have  E  =  R  I.  For  the  inductance  of  a  cir- 
cuit the  Ohmic  equivalent  of  reactance  must  be  substituted  in 
the  above  formula.  Then  the  value  of  I  is  determined  by  Ohm's 
law  as  if  there  were  neither  inductance  nor  reactance,  and  with 
that  value  of  I,  and  substituting  for  R  the  ohmic  value  of  induc- 
tance reactance  or  capacity  reactance,  the  value  of  E  for  the  in- 
ductance element  and  capacity  element  of  the  system  are  reached. 

Suppose  that  in  a  system  fed  by  alternating  current  there  is  a 
condenser  of  50  microfarads  capacity  (0.00005  farad)  and  that 
there  is  an  inductance  of  0.050  henry.  Take  the  frequency  at 
100  and  the  effective  B.M.F.  as  100  volts.  The  inductance  react- 
ance  is   2  ;r  X    100    X    0.050  =  31.4;    the   capacity   reactance  is 

= = — * —  =  31.8.      Take  the  resistance  at  2 

2  ;r  X  100  X  0.00005       0.0814 

ohms.     Then  for  the  total   impedance  we  have:     Impedance  = 


^2'^+  (31.4  —  81.8)*  which  is  practically  2  ohms.     By  Ohm's  law 
a    current    will    flow    through    such    a    circuit    expressed    by: 

=L  or  — —  =  50  amperes. 

A  2  4 

Neither  of  the  reactances  has  been  annihilated;   they  simply 

counteract  each  other's  effects,  but  each  acts  individually  the  saliie 

as  ever.     The  inductance  reactance  TemBim's*  «\,  VL  ohms  nearly. 

Through  it  a  current  of  50  olims  laas  lo  ^a^^.  'tYkSt^Vvc^Xi^  tJossi^ 
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law,  E  =  I  R,  we  have  E  =  50  X  32  or  1600  volts  as  the  electro- 
motive force  betweeij  the  terminals  of  the  coil  embodying  the 
inductance  of  the  system.  For  the  reactance  an  identical  figure 
is  obtained.  Thus  by  resonance  an  original  100-volt  electromotive 
lorce  can  generate  in  parts  of  a  circuit  a  voltage  many  times 
greater.  Fig.  238  shows  the  diagram  of  a  portion  of  a  circuit 
containing  inductance  and  capacity. 

All  the  figures  in  the  above  calculation  are  approximate,  deci- 
mals being  omitted  or  restricted. 

The  equation  2  ;r  f  L  = z may  be  considered  as  expressing 

2  7tfK 

the  condition  of  resonancy.  It  follows  that  if  /  and  L  are  known, 
the  value  of  K  which  gives  resonancy  can  be  calculated,  and  that 
if  f  and  K  are  known,  the  corresponding  value  of  L  can  be  calcu- 
lated. This  is  done  by  the  ordinary  operations  of  algebra.  The 
equation  tells  that  if  L  is  large  K  must  be  small,  and  vice  versa, 
in  order  to  bring  about  resonance. 

In  a  circuit  in  which  electrical  resonance  exists  the  entire  cir- 
cuit is  not  affected  by  it,  but  only  the  portions  containing  induct- 
ance and  capacity.  The  circuit  as  a  whole  passes  the  current 
subject  to  Ohm's  law,  while  the  portion  containing  inductance 
and  the  other  portion  containing  capacity  work  in  concert  with 
each  other,  and  it  in  tune,  as  it  is  sometimes  expressed,  are  the 
seats  of  high  electromotive  force.  Damage  to  apparatus  some- 
times ensues  from  this.  While  resonance  eliminates  the  effects 
of  the  inductance  and  the  capacity  upon  the  circuit  taken  as  a 
whole,  it  leaves  each  one  unaffected  in  its  action.  The  inductance 
still  has  its  value  in  henries,  the  capacity  still  has  its  value  in 
farads,  and  they  retain  their  individual  characteristics  and  power 
of  reaction. 

Causes  of  Lag  and  Lead. — The  effect  of  inductance  in  a  circuit 
is  to  cause  alternating  current  to  lag  behind  the  impressed  alter- 
nating electromotive  force  which  produces  it.  The  lag,  if  the 
circuit  possessed  neither  capacity  nor  resistance,  would  attain 
its  highest  possible  value,  which  is  90°  or  quadrature.  Induct- 
ance is  the  cause  of  lag. 

The  effect  of  resistance  in  a  circuit  is  to  cause  aA.lex^v'a.lYCv.'?,  ^>cct- 
jient  to  tend  to  be  in  phase  with  tla.e  imi&Te^^^^  ^^^V^qtcel^'Oc^'^ 
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force.  If  a  Circuit  possessed  neither  capacity  nor  inductance,  the 
impressed  electromotive  force  and  current  would  he  in  perfect 
phase  with  each  other. 

The  efle^Jt  of  capacity  in  a  circuit  is  to  cause  the  current  to 
lead  impressed  alternating  electromotive  force.  This  lead,  if 
the  circuit  possessed  neither  inductance  nor  resistance,  would 
attain  its  highest  possible  value,  which,  as  in  the  case  of  lag 
afcove  cited,  is  90°,  or  quadrature.    Capacity  is  the  cause  of  lead. 

lit  follows  that  resistance  acts  in  quadrature  with  inductance 
and  capacity,  and  that  capacity  acts  in  direct  opposition  %o 
inductance. 

Summation  of  AlternaUng  Quantities. — The  combined  efii^ect 
of  quantities  acting  additively  in  alternating  manner,  so  that 
their  alternations  may  be  represented  by  a  sine  curve,  cannot 


Fig.  238.— Capacity  and  Inductakce  in  a  Circuit. 

always  be  expressed  by  simple  addition.  Suppose  a  sine  wave  one 
inch  high  represents  the  action  of  a  certain  alternating  current. 
Next  suppose  that  a  second  current  is  poured  into  the  line, 
coinciding  in  phase,  intensity,  and  form  with  the  first.  A  wave 
of  twice  the  height  would  result.  The  combined  effects  of  the 
two  currents  could  be  expressed  numerically  by  adding  them 
together. 

It  will  be  understood  that  whatever  is  said  of  current  here 
applies  also  to  electromotive  force.  Current  and  electromotive 
force  alternate  in  exactly  the  same  manner,  and  either  can  have 
its  action  represented  by  a  curve  of  the  sine  type. 

Suppose  now  that  the  currents  differed  180°  in  phase,  as  shown 

in  Fig.  233.     One  would  be  positive  in  its  alternation  when  the 

t  other  was  negative,  one  would  exactly  counteract  the  other,  and 

Itlie  result  would  be  zero.     Suppose  t\ial  t^ie  ^laa&e«  of  the  two 

Wrrents  differ  90°  in  phase.     In  some  paxta  ol  Wi^Vt  <E^^Sifi»  \Xv«? 
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C(H>pefate,  in  others  they  resist  each  other,  and  a  more  compli- 
cated curve  is  the  result. 

The  values  of  two  sine  curves  can  be  added  together  by  draw- 
ing them  and  constructing  a  new  curve.  Its  height  at  any  point 
is  determined  by  adding  algebraically  the  heights  of  the  original 
curves  at  that  point.  Distances  below  the  base  line  are  treated  as 
negative.  Fig.  239  shows  another  method.  A  F  and  A  F'  are  the 
generating  circles  of  two  sine  waves  whose  phase  difference  is  the 
•  angle  between  A  B  and  A  B'.  The  two  vectors  are  compounded  as 
in  Pig.  239,  and  with  the  new  vectqr  A  B"  a  new  generating  circle 
l»  produced,  from  which  the  new  curve  is  generated.    The  curve 


Fio.  239.— Summation  of  Sink  CimvES. 

^is  generated  from  circle  F  B  D  E,  curve  II  from  circle  F'  .  .  .  , 
*fld  the  curve  lil  is  produced  by  adding  I  and  II  or  by  directly 
^nerating  it  from  the  generating  circle  B". .. 

Composition  off  Resistance,  Inductancet  and  Capacity.. — ^Every 
^'ctilt  possesses  these  three  qualities.  Their  combined  effect 
•Day  be  found  by  a  simple  diagram,  although  where  accuracy  is 
i^uired,  mathematical  calculations  are  essential. 

Let  a  horizontal  line  be  drawn  starting  at  an  origin  O  and  of 
length  to  represent  the  ohmlc  resistance  of  a  circuit.  The  react- 
ice  of  inductance  will  be  represented  by  a  line  at  right  angles 
>  it,  because  the  two  are  in  quadrature.  Draw  the  inductance 
le  vertical  and  rising  from  the  origin,  and  of  length  to  repre- 
it  Inductance  reactance.     The  reactance  of  capacity  l^  \%^* 

loved  from  that  of  inductance,  and  hence  la  aVao  Vn  q>i«^^t«X.\«^ 
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with  resistance.  The  line  representing  it  will  start  from  the 
origin  and  extend  vertically  downward. 

There  is  nothing  absolute  about  the  position  of  these  lines, 
except  that  they  must  be  related  to  each  other  as  shown. 

Each  line  or  radius  vector  must  be  drawn  of  length  to  give  the 
relative  value  in  ohms  of  the  reactance  it  represents. 

In  the  diagram,  Fig.  239a,  the  line  O  R  represents  resistance, 
O  I  represents  inductance,  and  O  K  capacity.  Draw  I  D  parallel 
to  O  R  and  equal  to  it  in  length.  The  diagonal  from  O  to  D  or 
O  D  is  the  resultant  of  combined  effect  of  resistance  and  induct- 


Pro.  339a.— -Composition  of  Resistance,  Inductance,  and  Capacity. 


ance  reactance.  Then  from  D  draw  a  line  D  F  parallel  to  O  K 
and  equal  to  it  in  length.  The  diagonal  O  F  will  give  a  line  ex- 
pressing the  combined  effect  of  the  two  reactances  and  of  resist- 
ance. 

Multiplication  of  Alternating  Quantities.— The  multiplica- 
tion of  alternating  quantities  has  to  be  done  to  find  the  power  of 
a  circuit  in  watts,  because  the  latter  unit  is  a  product  of  electro- 
motive force  by  current,  a  volt  by  an  ampere.  The  term  volt- 
ampere  signifies  a  watt. 

If  an  alternating  electromotive  force  is  multiplied  by  an  alter- 

nating  current,  a  product  differing  altogether  in  form  and  va^lue 

from    the   additive    or   compounded   xeawM  V^   o\i\»\\i'fe^.     'Wiila 
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product  is  a  curve  of  power,  of  volt-amperes  or  of  watts.  Its 
amplitudes  indicate  quantities  of  watts  at  the  different  periods. 

Power  Curves.— The  diagrams,  Figs.  240  and  241,  show  each  a 
curve  of  sines  of  electromotive  force  in  full  line,  and  one  of  cur- 
rent in  dots.  Multiplying  their  amplitudes  together,  new  ampli- 
tudes are  obtained,  which  give  the  curve  drawn  in  dot  and  dash, 
which  is  the  volt-ampere  curve,  curve  of  watts  or  power  curve. 

"When  the  current  curve  or  the  electromotive  force  curve  crosses 


Figs.  210  and  24L--Mur/riFi.i<;ATic>N  or  Alteknatino  Ql'ANTITies. 

the  base  line,  its  amplitude  is  zero.  Therefore  the  amplitude  of 
the  power  curve  at  this  point  must  also  be  zero,  be^rause  the 
product  of  a  finite  quantity,  in  this  case  the  amplitude  of  the 
other  curve  at  the  same  point,  multiplied  by  zero  is  equal  to  zero. 
As  the  electromotive  force  is,  in  the  case  shown  in  the  cut,  out 
of  phase  with  the  current,  for  each  cycle  or  period  there  are 
four  zero  factors.  This  brings  th-e  power  curve  twice  as  often 
to  the  hase  line  as  either  of  the  original  curves.  It  has  twice 
the  alternations  of  either  of  them. 

The  system  recti ve.s  energy  from  the  alternator  during  the 
time  the  power  curve  is  above  the  base  line.  It  receives  energy 
in  varying  amounts  who.se  measure  is  th^i  amvWtwV**.  ci\  \\\i-.  i-wxn.^ 
at  tbMt  point    It  returnn  energy  to  ihf*  aK^iruavii  ^\i*t\v  \>H.«iN; 
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the  line,  measured  as  before  for  any  instant  by  the  amplitude  of 
the  curve  at  that  point. 

The  second  of  these  diagrams.  Fig.  241,  shows  the  electro- 
motive force  curve  and  current  curve  in  quadrature  with  each 
other.  This  condition  would  be  brought  about  by  presence  of 
inductance  and  absence  of  resistance  in  the  circuit.  The  power 
curve  in  this  case  is  half  above  and  half  below  the  line.  It  has 
twice  the  alternations  of  either  of  the  other  curves,  just  as  before. 
It  indicates  the  return  of  exactly  as  much  energy  as  is  received. 
In  such  a  case  no  energy  is  expended  on  the  line.  It  is  the  case 
of  the  wattless  current.  The  portions  of  the  curve  above  the  line 
represent  power  received;  those  below  represent  power  returned. 
The  two  are  equal,  and  as  they  are  opposed  in  action,  the  com- 
bined result  is  zero. 

Referring  again  to  Fig.  227,  the  current  and  electromotive  force 
curves  are  divided  by  vertical  lines  crossing  the  zero  line  at  the 
intersections  of  the  curves.  Within  the  space  I,  E.  M.  F.  ordi- 
nates  above  the  line,  which  are  positive,  are  multiplied  by  current 
ordinates  below  it,  which  are  negative.  The  result  is  negative  by 
algebra.  Therefore  the  new  curve  for  this  division  is  below  the 
line  and  negative.  Within  the  space  II,  positive  E.  M.  F.  ordinates 
are  multiplied  by  positive  current  ordinates,  giving  a  positive 
curve  or  one  above  the  line.  Within  the  space  III,  positive  cur- 
rent ordinates  are  multiplied  by  negative  E.  M.  F.  ordinates, 
bringing  the  combined  curve  below  the  line.  Within  the  space 
IV,  both  current  and  E.  M.  F.  ordinates  are  negative.  But  by 
algebra  negative  multiplied  by  negative  gives  a  positive  quantity; 
therefore  the  combined  curve  is  above  the  line  here.  This  result 
is  shown  in  Fig.  240. 

If  E.  M.  F.  and  current  curves  are  in  phase  with  each  other,  all 
the  multiplications  are  either  of  positive  by  positive  or  negative 
by  negative,  so  that  the  new  power  curve  is  all  on  the  positive 
side  of  the  zero  line. 

Two-Phase  Current. — If  two  electromotive  forces  invariably  in 

quadrature  with  each  other  are  simultaneously  produced  by  a 

S^enerator,   the  currents  produced  may  be  distributed  over  four 

conductors,  a  pair  for  each  cuTtenl.    T\i^  combination  is  called  a 

two-phase  current.     It  is  iUustratea  Vtl  eLVa.?»t«um,  1^\.%.  1VL.    The 
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full  line  A. . .  is  one  current,  the  dotted  line  B. . .  is  the  other;  the 
90°  distances  are  marked  on  the  dia^am. 
Three-Phase   Current. — If  three  electromotive  forces  invarl- 
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Fig.  242.— Two-Phasb  Current. 

ably  120°  apart  in  phase  are  impressed  on  a  six-wire  circuit,  what 
is  called  a  three-phase  current  results.  By  special  connections 
this  current  can  be  distributed  by  means  of  three  or  of  four 


Fio.  243.— Thrhb-Phasb  Current. 

wires.  The  diagram,  Fig.  243,  illustrates  it.  The  full  line  A. . ., 
dotted  line  B...,  and  dot  and  dash  line  C...  are  curves  of  the 
three  currents  which  really  make  up  the  so-called  three-phase 
current. 


CHAPTER  XX. 

ALTERNATING  CURRENT  GENERATORS.  j' 

Qeneutlon  of  Alternating  Current. — Alternating  current  f^' 
generated  in  dynamo-electric  generators,  which  represent  one  o  ^' 
the  Kimplest  or  fumi amenta  1  cases  of  impressment  of  electrc^^ 
motive  force.  The  direct  current  dynamo  is  a  step  in  the  direis^^ 
tion  of  complication,  as  tiie  alternating  current  dynamo  with  itJ**l 
simple  collecting  rings  taking  the  current  as  it  is  generated  i^^ 
the  simplest  of  all  mechanical  generators.  For  this  reason  som^^ 
authors  treat  of  alternating  generators  first  and  then  of  direct  cur-^ 
rent  general  ors.  Some  even  make  a  discussion  of  the  alternating^ 
current   lead  up  to  the  direct  current.  J 

Single-Phase    Armature.— If  a  coil  o£  wire  with  diseonneetci^^ 
ends  is  rotated  in  a  magnetic  field  with  its  axis  of  rotation  sym- — [ 
metrically  placed  as  regards  the  lines  of  force,  it  will  have  im — ^i 
pressed  upon  it  at  each  revolution  two  electromotive  forces  of  op^  [ 
posite  polarity.     Its  position  may  be  to  a  considerahle  degree  un— - 
symmetrical  as  regards  the  field  of  force,  yet  the  same  will  ^(t 
true.     Electromotive  force  to  he  utilized  must  produce  a  current. 
To  utiliz*^  these  pulsations,  the  ends  of  the  open-circuit  coll  must 
be  connected  by  an  outer  circuit.     Upon  the  shaft  carrying  the 
coil   are   secured   two   copper   rinRs   insulated   from   one   another 
and  from  the  shaft.    One  terminal  of  the  rotating  coil  is  connected 
to  one  ring,  and  the  other  terminal  to  the  other  ring,    A  pair  o£ 
bnishes  bear  against  the  rings,  one  brush  for  each   ring,  and  to 
these  brushes  the  terminals  of  the  outer  circuit  are  connected. 
One  terminal  is  connected  to  each  brush,  and  the  brushes  are 
Insulated  from  the  frame  of  the  machine.    An  iron  core  la  placed 
wltbjD  the  coil,  as  in  the  direct-cvittenV  a^-waTao,?.!!  Itat  an  arma- 
tare  Is  constituted. 
^^e  electromotive  force  produced  Xi'j  fne  to^^Vio^  cVXla^^^ 
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proportionate  to  the  rate  of  change  of  the  number  of  iliies  of 
force  interlinked  with  the  circuit  by  means  of  the  coil.  The  elec- 
tromotive force  passes  from  a  maximnm  of  one  polarity  to  a 
value  of  zero,  then  to  a  maximum  of  the  other  polarity,  back  to 
zero,  and  then  to  Its  orlgical  polarity.  This  varying  electro- 
motive force  tends  to  produce  upon  the  closed  circnit  a  current 
Varying  In  like  manner  as  regards  intensity,  and  reversing  In 
direction  as  the  polarity  of  the  electromotive  force  changes.  The 
*'eversing  In  direction  of  current  must  occur  exactly  as  often  aa 
I  the  reversing  in  polarity  of  the  electromotive  force,  but  lag  or 


^ 
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lead  will  generally  operate  to  prevent  the  two  heing  simultan- 
eous, as  they  would  be  if  tliere  were  no  inductance  or  capacity 
In  the  circuit. 

■The  diagram  of  aucb  a  dynamo  U  giyeu  in  Fig.  244.    It  la  the 

Hjniplest  possible  representation  of  an  alternating-current  gener- 

.ator.    The  object  and  function  of  an  alternating-current  generator 

Are  to   impress   alternating   electromotive   force   upon   a   circuit. 

What   disposition   is   made  of   that   electromotive   force,   whether 

.  It  is  made  to  produce  a  corresponding  alternating  current  or  not, 

Bfld.  if  it  produces  one  how  near  It  is  to  be  to  that,  "kWcXv  ■^waN.fi. 

bs  exacted  by  Ohm's  law — all   these  are  (HiealVotia  ou\b\&%  tA  "Ocvft 

!-  fipsratfon  of  the  dynamo,  except  as  regaTda  its  %xTiNa'n\^?,^^'^'^°'''^' 

,mc6  as  capacity,  inductance,  and  ohmte  reaVaX.aii'ie. 
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Suet  an  armature  would  produce  Et  single  alternating  current 
on  a  closed  circuit,  and  such  a  current  is  called  a  slngle-phaie 

nultlpolar  Construction.^ — Tlie  alternating  current  as  used  in 
modern  engineering  practice  must  be  of  high  frequency.  A  com- 
plete cycle  would,  with,  the  bipolar  construction  just  described, 
require  a  complete  revolution.  To  give  high  frequency  the  arma- 
ture would  have  to  he  rotated  at  very  lilgh  speed.  If  the  poles 
are  increased  in  number,  a  single  rotation  will  give  more  eycies; 
in  typical  constructions  one  cycle  is  given  per  revolution  for  each 
pair  of  poles.  Jf  the  field  contains  four  poles,  there  will  be  two 
cycles  per  rotation;  if  it  contains  sis  poles,  there  will  be  three 
cycles,  and  so  on.  By  increasing  tbe  number  of  poles  a  given 
frequency  is  obtained  with  fewer  rotations  of  the  armature  per 
second.  For  this  reason  alternate-current  generators  generally 
have  a  number  of  poles,  bipolar  construction  not  being  much. 
used.  Generators  with  more  than  two  field  poles  are  called  multi- 
polar generators,  and  a  multipolar  stator  is  shown  in  Fig.  245. 

Qioiplng  of  Windings  ^Ttie  windings  in  alternators  are  gen- 
erally referable  to  groupings.  The  active  conductors  may  gener- 
ally be  assigned  to  groups,  each  group  of  approximately  the  width 
occupied  by  the  face  of  a  ileld  pole,  and  there  being  a  group  of 
conductors  for  eacli  pole.  In  a  general  way  multipolar  construc- 
tion by  filling  tlie  circle  of  the  armature  with  pole  faces  tends  to 
make  the  distribution  of  conductors  on  the  armature  periphery 
even,  but  grouping  can  always  be  traced  out  for  them. 

Principle  of  Alternate- Current  Armature  Winding;. — This 
principle  is  that  all  active  portions  of  the  winding  of  an  individ- 
ual armature  winding  must  coincide  In  action  at  each  Instant, 
all  co-operating  to  produce  the  same  effect  on  the  circuit.  Tha 
direct-current  armature  winding  with  its  commutator  vorks  In 
parallel  of  two  for  each  pair  of  poles,  while  the  alternating-cur- 
rent armature  winding  operates  in  series  whatever  Is  the  number 
of  field  poles.  The  active  conductors  of  an  alternate  current 
winding  must  be  so  joined  that  at  any  instant  an  electromotive 
force  of  uniform  polarity  shall  be  impressed  upon  all  of  them. 
Drum  Annatare  Connections. — Suppose  any  number  of  pairs 
J  of  north  and  south  field  polea  airauged  aTjm-aiftttVaB,Uy  around  a 
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dnmi'anna.Tiipe  core,  xnonziifd  in  beArinss.  IjPI  the  cyliiidTicaLl 
Furfac^  of  the  core  have  caDdnrtors  insnolaied  from  «ttr^  oiher 
second  to  2T-  If  roiai€d  in  ihe  imilripoiar  field,  eacli  ccmdiKTdr 
will  LaT€  aitemaimg  Impulses  of  elernxxmouTe  force  impi^essed 
upon  IT.  as  many  in  one  rerolntian  as  iliere  are  poles  in  The  f  eld 
and  ciismglng  in  polarixaiion  or  *'direciio&~  in  one  x^evolntkm 
also  as  manv  times  as  the  number  of  poles. 

EleflKotary  Fov-Pole  Siatfe  Phase  AnHtare.— In  Fig.  :4« 
a  core  is  stiown  upon  whose  snrtaoe  four  rondncxors  are  placed. 
If  rotated  in  a  four-pole  field,  elecTix>moiiTe  force  will  be  im- 
pressed upon  them  of  opposite  polarity  for  ei^iy  alternate  con- 
dnctor.  The  ends  of  these  conductors  are  to  be  connected  by  wires 
or  other  eon-Juctors  extending  across  the  front  and  rear  ends  of 
the  armature  core.  The  ar- 
rowheads indicate  the  polar- 
ity of  the  electromotive 
force,  or  the  direction  of 
current  which  it  tends  to 
produce  in  each  conductor, 
at  the  !ns:ant  indicated.  To 
hare  these  currents  coincide 
in  direction  for  the  entire 
winding,  the  front  end  of 
one  conducTor  must  be  con- 
nected to  the  front  end  of 
a  cond-jctor  one  pole  re- 
moved from  it:  the  rear  end 

of  this  one  connected  to  the  rear  end  of  a  conductor  one  pole  re- 
moved from  it  in  the  same  direction,  and  the  same  system  is  car- 
ried out  a'/-  around  the  circle.  This  brings  the  two  ends  of  the 
windings  out  together.  One  end  is  connected  to  one  collecting 
ring,  the  o'.her  is  connected  to  the  second  collecting  ring.  Such  a 
winding  a  :',!  give  a  single-phase  alternating  current.  The  action 
may  be  le.siribed  as  a  zigzag  action.  The  terminals  of  the  wind- 
ing are  .subjected  to  the  accumulated  electromotive  force  im- 
pressed on  *he  active  conductors  by  the  four  poles  of  the  field. 

Single-Phase  Wave  and  Lap  Winding:.— An  example  of  wave 
wipding  is  shown  in  Fig.  247  in  development..    \\.  ^V\  \i^  ^^k^ 


Fig.  SMl  -  Eixiikstjlbt  Osts-Phasx 

Drum  Armatcrx  Worxn  for 
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!'/;/?/'  ^/7e  p/ec'fromotive  force  impressed  on  each  active  conductor 
t  the  armature  co-operates  to  proOiixe^  ^  cwxx^uX.  Vcv  onft  direction 
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all  tbrough  the  windings.  The  active  wires  are  spaced  in  accord- 
ance "vrltli  the  distance  from  pole  to  pole.  In  direct-current  wind- 
ing tli<e  spacing  is  usuallj'  a  little  more  or  a  little  less  than  this 
distance. 

Tbe  next  cut.  Fig.  248,  shows  in  development  a  single-phase 
lap  winding.  The  spacing  is  regulated  sls  In  wave  winding  by  the 
distance  from  pole  to  pole,  and  a  uniform  impressing  of  electpo- 
motlve  force  on  all  the  active  conductors  is  produced. 

If  we  trace  the  course  of  the  conductors  in  two  successive  loops 
in  the  direct-current  lap  winding,  we  shall  find  our  course  a 
series  of  left-handed  or  right-handed  turns  as  the  case  may  be. 


Fio.  2».— Ahaltpis  of  Direct  CtrBREKx  Lap  Wixdino. 


Fio.  890L— Ahaltsis  of  Altehnatixo  Cukrezct  Lap  Winding. 


but  either  left-handed  or  right-handed  all  the  way  around,  if 
we  start  in  the  lines  of  Fig.  143  at  the  left  hanrl  and  follow  the 
line  beginning  at  the  left,  we  shall  progress  in  a  sort  of  spiral 
toward  the  right  hand,  always  in  the  same  sens^.  In  this  particu- 
lar case  it  will  be  against  the  movement  of  the  hands  of  a  watch. 

If  the  alternate  current  lap  winding,  Fig.  248,  is  traced  aut 
through  its  loops,  we  shall  progress  with  the  hands  of  a  clocK 
in  one  loop  and  against  the  hands  of  a  clock  in  the  next  loop 
all  the  way  around. 

The  courses  followed  can  be  roughly  shown,  as  in  Figs.  24J) 
tnd  250. 

Ring  Wlodlng  for  Alternating  Current.— In  Fig.  25.1  Is  shoxri^ 
)iewM  Gramme  ring  armature  can  le  made  to  g\\^  aiv  ^\\«r\\i^Vvcv^ 
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rarrenL  For  each  pole  at  the  field  «  single  lead  la  takea  from 
eqnIdlalaDt  parts  of  the  wlndingB.  Erer;  second  connectton  is 
taken  to  one  collecting  ring,  and  the  others  to  the  other  collecting 
ring.  Such  an  annatnre  rotated  In  a  multipolar  fleld  whose' 
nnmber  of  erenly-spaced  poles  Is  eqnal  to  the  ring  connections 
will  develop  a  elngle-pbaae  alternating  current.  The  connec- 
tlonR  operate  to  divide  the  windings  into  groups,  one  for  each 
pole. 
C<mv«atlOB«l    Rapra— MtatloB    at  CollectlDS  Rins*. — In  Pig. 


Fio.  £i9.— BlP01.1it  SinoLK-PHAai 

Ai/rsaaATiNQ  Curbkmi  Pols 

Gebiritob. 


2ril  wo  HfiB  the  conventional  way  of  representing  collecting  rings 
III  illHgrBins.    Two  clrcleu  are  drawn  from  the  same  center.    One 
In  iif  Bri'Blcr  diameter  than  the  o'her,   and  each  repreeenta  a    . 
rliiK.     Tlii'He  rin^H  are  really  ot  Identical  size,  but  are  conven- 
tlinmlly  ri'iircBcnted  as  of  different  size,  in  order  to  distinguish 

Pole  Slngle-I'hase  Armature. — Armatures  for  alternating  cur- 
rniiis  iuv  somi'lltiu's  of  the  projec ting-pole  type.  Poles  project 
niillnUy  fimii  Ilii'in.  Bud  are  wound  In  the  same  sense  ss  the 
'iih's  iif  iiifi  fu-ld.  A  illrect  curreal  passed  through  the  windings 
■  Hiirli  Hit  arnietiire  would  cause  oa«  ^roiwAV^ii  V"^*  \«i  \ib>  it 
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north  polarity  and  the  next  one  to  be  of  south  polarity.  One 
consecutive  winding  goes  around  all  the  poles  in  succession,  and 
the  induced  single-phase  current  is  taken  from  its  terminals. 

In  Fig.  252  direct  current  from  an  outside  source  may  pass 
through  the  windings  of  the  poles  attached  to  the  frame.     The 
armature  rotated  in  the  field  thus  formed  delivers  current  to  the 
circuit  connected  to  the  collecting  rings.     The  reverse  may  be 
carried  out.    Direct  current  may  be  supplied  to  the  central  poles 
by  connections  to  the  brushes.    If  the  central  part  is  rotated,  al- 
ternating current  can  be  taken 
from    the    windings    of    the 
frame  poles.      This  construc- 
tion would  give  one  cycle  per 
revolution. 

In  Fig.  253  the  same  system 
is  indicated  for  four  poles. 
This  construction  would  give 
two  cycles  per  revolution. 

Rotor  and  Stator.— In  both 
the  examples  shown  in  the 
diagram.  Figs.  252  and  253, 
electromotive  force  could  be 
impressed  on  either  the  sta- 
tionary or  rotary  member  of 
the  machine.  Whichever  part 
it  is  impressed  on  is  the  arm- 
ature. The  approved  terminology  for  alternators  calls  the  part 
which  turns  the  rotor,  whether  it  is  a  revolving  field  or  armature; 
and  calls  the  part  which  does  not  turn  the  stator,  whether  it  is  a 
stationary  armature  or  field.  Yet  the  distinction  of  field  and 
armature  remains.  The  alternator  can  always'  show  two  parts, 
one  the  field  through  which  a  direct  current  is  passed,  the  other 
the  armature  on  whose  windings  alternating  electromotive  force 
is  impressed.     Either  may  be  rotor.    - 

The  general   rule  for  single-phase  windings  is  that  armature 
and  field  are  interchangeable.     If  a  direct  current  is  supplied  to 
the  field,   electromotive  force   will   be   impressed  o\i  ^X;^^  ^^\ssa.- 
ture  as  the  rotor  turns.     Again,  it  the  ^.TIa^X^^c^  \v^  ^\5c^^\fc^ 


Fig.  253.-  Four-Polb  Single-Phass 
Alternating  Current  Generator. 
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■witti  direct  curreot  the  field  will  liave  electromotive  force  im- 
presaed  upon  its  windings.  There  is  nothing  practical  in  this, 
hecause  the  armature  and  field  are  generally  wound  with  widely- 
dlHerent  sizph  and  lengths  of  wires.  One  la  wound  to  have  good 
excitation  from  the  source  of  direct  current.  The  other  is  wound 
to  B"e  alternating  electromotive  force  of  the  desired  number  of 
volts  under  the  effe<ts  ot  the  field.  It  is  obvious  that  the  wind- 
ings are  apt  to  he  widely  different. 

Inductor  Alternator.— The  principles  oC  this  type  of  alternator 
aie  shown  in  Fig  254.  The  stator  ia  both  armature  and  field. 
The  full  line  indicates  the  fleki  winding  through  which  a  direct 


,y 


¥lO.  3M.— IKDDCTOB  AtffSBNATOR. 

current  is  maintained.  It  la  wound  around  every  second  pole,  so 
as  to  excite  north  and  south  polarity  in  them  alternately.  Thus, 
taking  a  north  pole  as  a  starting  point,  the  one  next  to  it  would 
be  without  polarity,  because  the  field  windings  do  not  go  around 
it.  The  next  pole  would  be  a  south  pole,  owing  to  the  direction 
of  the  winding.  This  succession  is  kept  up  all  the  way  around. 
A  segment  only  is  shown  In  the  cut.  The  full  line  indicates  tho 
field  winding,  and  the  field  poles  are  marked  N  and  S.  The  neu- 
tral poles  between  tlie  field  poles  are  marked  A  A,  and  the  arma- 
ture winding  on  them  is  shown  by  the  dotted  line.  It  ia  wound 
In  the  reverse  sense  on  neighboring  poles. 

The  rotor  carries  heavy  masses  of  soft  iron  B  B,  called  Induo- 
.  iors.  each  one  wide  enough  to  cover  two  poles  on  the  stator  and 
Ij  tile  interval  between  them.    As  tbe  toWT  b«&B,  Sii.  lAiJwitsK  tlw 
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polarity  of  the  neutral  poles.  Thus  in  the  position  shown,  the 
left-hand  neutral  pole,  acted  on  by  the  Inductor  extending  from 
it  to  the  south  pole  on  its  right,  is  polarized  with  north  polarity. 
The  right-hand  Inductor  polarizes  the  rlght-liand  neutral  pole 
above  It  with  south  polarity.  When  the  rotor  turns  through  an 
angular  distance  equal  to  one  pole  face  and  one  pole  interval, 
the  opposite  polarities  are  Imparted  to  the  neutral  poles.  In 
each  revolution  of  the  rotor  the  armature  poles  vary  in  polarity 
as  many  times  as  there  are  poles  in  the  stator. 

'  The  great  advantage  of  this  type  of  machine  la  that  the  wind- 
ings are  stationary.  A  ma- 
chine with  rapidly-rotating 
rotor  carrying  windings  with 
it  is  not  so  solid  a  construc- 
tion as  one  in  whicli  the  care- 
fully insulated  windings  are 
on  a  motionless  part  of  the 
machine. 

Didc  Windings.— This  kind 
of  armature  has  heen  used 
fflttensively  in  Europe,  but 
not  very  extensively  in  this 
country.  In  preceding  pages 
BOO,  Figs.  303  and  SOS,  disk 
have  been  shown, 
1  in  Fig.  255  the  eolla  and 
Ctfllecting  ring  connections  of  a  disk  armature  are  shown.  The 
arrows   indicate  the  directon  of  the   current.       This   direction 

I'diangeB  during  a  rotation  six  times,  because  the  armature  is 
1  sis-pole  field.  The  disk  armature  does  not  need  an 
iron  core;  it  is  so  thin  that  the  lines  of  force  readily  strike  across 

,It  from  pole  to  pole. 

Two-Phase  Winding.— Suppose  it  was  desired  to  send  out  two 
Independent  currents  of  equal  periodicity,  but  differing  as  re- 
gards the  phases  of  the  electromotive  force  producing  them, 
one  electromotive  force  lo  be  90°   behind  the  other.     Two  inde- 

jmident  machines  could  be  mechanically  cou.ple4.  Tiv\*  -«cto\^ 
"~  v  to  be  BO  effected  that  the  proper  phase  ie\sA,\oii.  -»iw%\?i  Q\i\a.'v&. 


Fio.  255.— WiBDitiO  OP  Disk  Abha- 

TUaB  POR  Sinole-Phabb 

A.  C.  Cdbkents. 
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which  would  involve  setting  the  armatures  so  that  one  would  he 
one  half  of  a  pole  interval  behind  the  other.  The  currents  could 
be  distributed  on  four  lines  of  wire,  two  to  each  machine.  The 
phase  relation  existing  between  the  electromotive  forces  on  the 
two  circuits  being  invariable,  the  result  would  be  called  a  two- 
phase  current.  An  easier  way  to  produce  it  is  to  have  a  second 
independent  winding  on  the  same  armature.  A  single  machine 
then  produces  the  two-phase  current. 
The  cut.  Fig.   256,  shows  the  principle.     The  conductors  A  A 


FiQ.  250.— Two-Phasb  Winding. 


are  parts  of  a  continuous  conductor  that  goes  all  around  the 
armature  in  every  second  groove.  The  windings  B  B  do  the 
same.  The  ends  of  each  winding  go  to  their  own  pair  of  collecting 
rings,  of  which  there  are  four.  The  diagram  shows  rotor  and 
stator  as  straight;  in  reality,  each  one  is  circular,  and  one. lies 
within  the  other  in  the  regular  way. 

In  the  position  shown,  the  windings  A  A  are  being  acted  on,  and 
the  current  in  them  is  indicated  by  the  dot  and  cross  symbols — 
the  dots  indicating  current  coming  toward  the  observer,  and  the 
crosses  Indicating  current  going  away  from  him.  The  conductors 
B  B  in  the  position  shown  have  no  electromotive  force  impressed 
on  them;  their  sine  curve  is  crossing  the  zero  line. 
Either  part  shown  can  be  stator.  Usually  it  would  be  the  arma- 
ture. 
Three-Pbase  Winding.— What  iiaa  Xi^^ii  «.^.V^  oit  VYife  two-phase 
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winding  may  be  repeated  with  slight  variation  of  three-phase 
winding  as  shown  in  Fig.  257.  The  three  windings  are  designated 
by  A,  B,  and  C,  and  as  no  winding  is  in  a  neutral  position,  dots 
and  crosses  are  put  on  all.  The  three  represent  three  indepen- 
dent windings,  and  fmay  deliver  current  to  six  collecting  rings, 
a  pair  for  each  winding. 

Corresponding  parts  of  adjacent  windings  are  distant  from  each 
other  two-thirds  of  a  pole  interval  or  one-third  of  two  poles,  which 
for  a  bipolar  machine  would  be  120°.     This  fixes  the  condition 


6^ 
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that  the  currents  induced  shall  be  120°  different  in  phase  from 
each  other. 
SIx-Wird   Connection    of  Three-Phase  Alternator  Winding.— 

The  windings  of  a  three-phase  alternator  may  be  variously  con- 
nected. They  may  be  treated  as  if  they  were  windings  of  three 
separate  machines,  in  which  case  two  conductors  would  be  as- 
signed to  each  of  the  three  outer  circuits  which  they  could  sup- 
ply. This  would  give  a  total  of  six  conductors  to  be  led  through 
the  district.  Almost  always  other  systems  are  used,  which  enable 
the  distribution  to  be  effected  with  three  or  four  wires.  A  six- 
ring  collector  system  is  shown  in  Fig.  258. 

Y  or  Star  Connection.— This  connection  requires  four  wires  to 
distribute  the  power  from  a  three-phase  alternator— three  active 
and  one  neutral  wires.  The  latter  passes  current  when  t\!i^  \ia.V 
ance  is  disturbed,  exactly  like  the  neutraV  ^\t^  Vcl  \Xi^  \to^<^-^Vt^ 


fiflO 
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e  made  la  tho 


si«,1em  of  parallel  dialributlon      The  eonneotloni 
msLhlne  and  on  the  outer  Hreult 

The  Ihree  windings  of  a  three-phase  alternator  lan  bo  taken 
as  hegianiDg  at  three  alJacenC  points  on  the  armature  From 
these  points  follPCtor  ring  Lonnectioas  would  be  made  nere  the 
Blxwir"  sjiitem  in  use  For  the  Y  system  three  of  these  ends 
By m metrical! J  dlatributed  with  reference  to  each  other  are  cou 
nected  toeether  and  one  lead  Is  taken  from  them  through  the 
district  uhkb  lb  the  neutral  lead  From  each  of  th^  other  ends 
of  the  three  windings  a  lead  !s 
taken  thus  giving  a  total  of  four 

In  the  utilizing  of  the  tour 
mains  each  lamp  or  other  appli 
ance  is  connected  from  one  of  the 
active  wires  to  the  neutral  wire 
The  balance  le  kept  as  true  aa 
possible  by  taking  the  same 
amo  int  of  power  from  each  SkCt 
Ive  lead.  If  exactly  the  same 
amount  Is  taken,  the  neutral  wire 
carries  no  current. 

The  development  of  a  y  wind- 
ing is  shown  in  Pig.  259.    There 
are  three  windings.  A.  B,  and  C.    The  A  winding  begins  at  A,  and 
ends  at  A,:  the  B  winding  begins  at  B,  and  ends  at  B,;  the  C 
winding  begins  at  B^  and  ends  at  B,.    The  six  ends  which  might 
be  tonnected  to  six  Independent  line  wires  are  A.  B.  C.  A,,  B„  and 
C,.     For  the  Y  connection  each  second  end  Is  connected  to  the 
neutral  wire,     in  the  develo!>ment  these  alternate  ends  are  A,.  O, 
and  B,.     The  remaining  ends  A„  C,,  B,  are  connected  each  to  oni 
of  the  active  wires.     If  the  conrse  of  the  <;uiTent  is  examined  by 
the  rnle  given  on  page  210,  and  carried  out  in  Fig.  259  by  the  ar- 
rowheads, it  will  be  seen  that  a  strong  downward  current  In  A,  is 
balanced  by  n-eaber  upward  currents  in  B,  and  C,.    The  relative 
Btreogth    ot  The    crirrentB    la    due  lo  V^e  s^Te^igOa  ol.  \fe.ft  field 
tbroiigh  which  they  are  moving,  and  i,  \a  CT\Aen.V\-3  \^  «■ 
■ffe/rf  thaa  eitlier  B.  of  C,.     A  fltrong  cttTTemt  feiea  ^^-sm*.  ^ 
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Tipper   line,   which  line  indicates  a  collector  ring  with  'bruBli  A, 
while  weaker  purrenis  go  down  from  the  other  collector  rlngB, 

Delta  or  flesh  Connection.— Taking  the  three  windings  as  he- 
fore,  a  first  and  last  end  can  be  assigned  to  each.    Thiia  in  tQa 


:P^ 


Bis    C 

l^^^onaecUon  It  may  be  taken  that  the  three  interconnected  ends 
Joined  to  the  neutral  wive  are  first  ends,  and  the  three  ends  with 
separate  conductors  are  the  last  ends.  For  delta  connection  the 
three  windings  are  joined  in  series.  The  last  end  of  one  winding 
Is  Joined  to  the  first  end  ot  the  winding  next  to  It  in  phase  (120° 


.  B59.— Dbtei.oVmi'KT  of  T  CONNKn 
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Utved    In    phase).      The   last   end   ol   this   second   winding   is 
i  to  the  first  end  of  the  third  winding,  and  the  last  end         i 
i  third  winding  is  joined  to  the  first  end  of  the  first  wlnd- 
r   each  junction   of   first  and  last,  enfta  a.  "wxrfc  Ns.  '^'«*- 
,     tbroiigb    the  district    which    is   to   be   eupplied,   a  \fitia.\  Q^  "CiixeR. 
vires,  there  being  no  neiilral   wire 
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Line  Connections. — ^The  appliances  on  the  line  may  be  con- 
nected from  wire  to  wire,  so  as  to  maintain  the  delta  distribution 
over  the  working  circuit,  or  the  Y  system  may  be  used  with  a  delta 
system  at  its  junction,  so  as  to  dispense  with  a  neutral  wire.  The 

Y  connection  is  shown  in  Fig.  260,  the  delta  connection  in  Fig.  261, 
and  the  combined  Y  and  delta  connection  in  Fig.  262. 

Neutral  Wire  in  the  Y  System. — This  wire  is  usually  treated 
as  a  part  of  the  system  requisite  to  its  operation.  It  can  be  sup- 
pressed if  the  appliances  on  the  three  divisions  are  evenly  bal- 
anced, the  case  being  precisely  analogous  to  that  of  the  neutral 
wire  in  the  three-wire  system  of  distribution,  except  that  it  is 
a  case  of  one  neutral  wire  for  three  active  wires  and  not  of  one 
neutral  for  two  active  wires.  It  is  obviously  impossible  to  secure 
such  distribution  in  ordinary  practice,  so  that  naturally  the 
fourth  wire  has  come  to  be  regarded  as  a  necessary  part  of  the 
connections.    An  interesting  illustration  of  the  properties  of  the 

Y  connection  has  been  made  by  causing  three  carbons  to  take  the 
place  of  the  three  limbs  of  the  Y  and  producing  an  arc  at  the 
junction,  the  carbons  being  drawn  apart,  as  to  cause  a  triple  arc 
to  strike.  It  was  maintained  without  any  neutral  wire.  Another 
experiment  was  the  lighting  of  a  triple-filament  lamp,  three  lead* 
ing-in  wires  connecting  to  filaments  joined  at  their  ends  Y  fashion. 
This  lamp  was  ignited  without  any  return  wire. 


CHAPTER  XXI. 

ALTERNATING  CURRENT  MOTORS. 

The  Induction  riotor.— This  Is  a  motor  whose  action  depenils 
upon  the  induction  of  electro-magnetic  polarity  in  an  armature 
wound  with  a  re-entrant  coil,  or  with  a  coil  wh^se  members  are 
connected  in  parallel.     The  coil  muat  not  be  an  open  one.    The 
alternating  current  In  the  field  induces  currents  In  the  windings, 
which  induced  currents  produce  polarity  In  the  core  of  the  arma- 
ture.   The  polarity  of  the  armature 
being  due  only  to  induction,  gives  its 
^L   ^  name  to  the  motor. 

xHtHn.  ^*    Rotary    Field.— The    produc- 

A^^^^^^^^^m.  «o°  ol  tl)e  rotary  field  is  the  prin- 
IB^Mi^H^HH  dpal  reason  for  the  generation  of 
,  aHH^BlBH^^H.  polyphase  currents.  By  means  of 
^^WB^^^^^^  .  this  Inyisible  transferring  of  mag- 
^HIMp  netic  polarity   around   a  circle,  one 

^p   ^F  principal  type  of  the  altematlng.cur- 

Fio,  SB3.-BoTAnY  FiMLD  ''^"'^  ™°t°''  '^  Operated. 

CoiLB.  The  cut,  Fig.  263,  shows  four  colls 

Of  wire.  Let  the  colls  B  B  receive 
an  alternating  current,  while  the  coils  A  A  receive  another  cur- 
rent in  quadrature  with  the  first.  The  result  will  be  that  when 
the  current  in  B  B  is  at  its  maximum,  the  current  A  A.,  will 
be  of  aero  intensity.  Then  as  the  current  In  B. .  decreases,  that 
in  A, , ,  will  increase.  When  the  B  current  la  at  Its  maximum, 
north  and  south  magnet  poles  will  be  established  on  a  horizontal 
anis  passing  through  the  center  of  the  B  colls.  The  A  colls  when 
active  will  establish  poles  on  an  axis  perpendicular  thereto.  Poles 
at  intern! ediate  points  will  he  established  when  current  Is  pass- 
lag  through  all  four  colls.    The  result  of  the  arrangement  is  tb.a.t. 


ipa^s  needle  pi<- 


tu  tLKmicJAjrr  HAJfor  book:. 

ft  DMrrti  and  wwrh  pni*  art  kept  traT'Lia?  aronii'I  rt^ 
ftv*  A^iAa  'rf  rhft  air-*nu»r.in?  'inrrTOia  :tt  fj'^'irari:-  i 
Aflwnr.    Siwrh  tnfntnrj*  njoiir.inirA  a  tw)-cka*e  alrarsj 

»*!(*«  pia«f  ^whaps  <>«*  buBilrfil  fintj  ia  a  swo 
riwilranr.  p*iliai  »>*  rh«  flitirt   whirl  amcd  ii;   »;:& 
ThA  ltr*r.  .ViMBtra  alMmaun  ^t«  a  'sri-phas^ 
fr-ft"*  pwlMji  ia  a  KWAHil.     Th(ii*  prwlro^  a 

Thru".  siMh  -v-ils  f>f  wjr*  with  a  ibre>»-ptiaK 
a  t'AJtrj  0*1'). 

rbvMdc  NM«e  hi  a  Botattoc  Field.— A  t 
r/iMl  in  'hK  rnifarritK  fl«I4  with 
ItK  axU  111  aniipftniiion  nArtrAA- 
Inx  with  thf:  axiK  fif  TMMitm 
lyf  tfa«  fIftM  w'l'M  whirl 
nr'mtit  with  fhf  »p««!<l  of  thft 
(IH'I  f^»r'«  It  wax  Ktaruid. 
ffri'^b  Ml  arraniiMnent  would 
uffl.  If;  an  Infln'^lon  motor. 
An  lii'lii'rl.lMi  motor  Ih  one  In 
Wiiinh  Ihn  ri'itxtinx  Detd  In- 
Awv  i-.iirrt^ntn  In  thu  anna- 
tiir<i.  and  nnd'tr  the  pom- 
Iflrii")  nffirct  of  thn  flelil  and 
armfitiir«!  nxr^lta'ion  th«  arraa- 

Armature  In  ■  Rotary  Field— If  Instead  of  a  magnetic  needle 

ft  ''ylln'1rli-a1  lamlnat.nd  armaliirR  iiore  wound  with  a  re-entrant 

fill  UK  Htidwn  In  FIk.  Z64  In  mounted  on  bearings  in  the  field, 

It.    will    roiuli!,     ThlK    It   will    do   bftcauKe   the   alternating   cur- 

f'tiifi  will  Imriii't'  (nirrcniM  In  its  wires.    This  they  do  directly  by 

Hii'lr   Miliiry   Hiild    of   forco.     This   whirls   around,   and   thus   its 

llniii   iif    fur''"!   nre   <:iit  by   the   windings   of   the   armature   core, 

•r/i/'//  i-iiiiluK  JnrjTJM'H  a  rurrent  In  them,  producing  north  and 

ii'iiii/i  iiiili-ii  til  ()»■  mrp.     The  cote 'w^tti  ta  ■wViiite??,  S.a  ictmnted 

"  JoiinmlH  Hiul  rofHloH  ait  ilVd  the  maftneWv.eft  -BW&Xfc.^iii^  ■wS.'Od.^ 

■';>-  Im/'iirimil.  dlHtlncllon.     To  eBta,\)Uftls  \ii  ftift  wTe, -Cde  isq\*sV>.-s 
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j^^WBcrlhed  above,  lines  of  force  have  to  be  cut  by  its  windings. 
Tberetore  it  drops  behind  In  its  revoiutions,  and  turns  from  one 
to  five  per  cent,  ten  per  cent  in  small  motors  at  lull  load,  slower 
than  does  tie  rotary  field.  If  it  by  any  means  was  made  to 
aynclironlze  with  the  field.  It  would  have  no  induced  polarity  auch 
as  described,  and  no  pull  or  torque  would  be  exerted  upon  it. 
Therefore  it  constantly  falls  behind.  The  amount  of  this  falling 
behind  is  called  ite  slip. 

The  generation  of  a  three-phase  current  and  the  operation  by 
It  of  an  Induction  motor  are  shown  In  diagram  In  Fig.  265.     By 


QEHEHATOB 
FlO.  SK.— TiIBBB-PhA9B  GKHWtATOB  4: 


1  iFDtrrnOh  'MOTOB. 


Ifowlng  the  figures  It  will  be  seen  that  the  stator  of  the  motor 
B  the  Identical  currents  induced  in  the  atator  of  the  gen-      . 
but  the  poles  of  the  generator  atator  travel  around  it.      ; 
iqnently,  a   rotary  field  is  produced   in  the  stator  of  the 

B-Phase   Induction  Motor  —The  diagram    Fig   26S    repre- 

i   a   four-pole   three-phase   generator   driving   such   a   motor. 

I^  generator  has  twelve  armature  coils,  three  seta  ■ma.Y>f.ft&.  ^"^  ^ 

racA  j?e/d  pole,  giving  a  three-phase  c\irTeTit.    1>ift"3   ^'^^  '^^^" 

1  fn  r  combination.     The  left-hanA  d^a^vam  xe?Te,v«o-\a  'Ca 

The  Seld  is  the  rotor.     The  moXoT,  (Aao  '«^'*-  "^^ 
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cotls.  marked  as  In  the  motor,  and  Y-connected,  ie  Indicated  to 
the  right-hand  diagram.  The  motor  and  generator  are  conneded 
Ijy  three  wires,  a.  b  and  c.  The  fourth  wire  1b  omitted  became 
li  would  have  no  load  to  carry.  The  capital  letter*  on  the  arm*, 
ture  of  the  generator  enaWe  the  course  ol  the  vlndlnEB  lo  hs 
followed. 

The  three-phase  current  prtiduces  a  rotary   fleij  ag  n,.  ^^ 
phase  current  does  on  the  eamt    general  principle     Thp  i     rf 
tl»  cupr.nl.  b.l,lnJ  on=  .nolher  .6.,,  to  c,„„  „,      ,      JJ 
„,m  the  .omWned  .ctlon  ot  H,  ool  S    ,„  „„,.  „„^^j  ^^ 
These  poles  may  be  the  resultant  ol  twt,,  , 

ih.y  .„  „>■»■  due  to  one  onl,   In  tl.  thr." ."'  """  "■*« 


Fin.  3nii.  -FouR-PoLB  Thrbb-Phabb  OmtEiUTaR  ABD  iKDDOnoK  Hon 


Induction  Motors. — Motors  constructed  on  the  ahove  prlnc 
arc  called  induction  motors.  One  of  the  moat  striking  fettll 
aiiour  them  Is  the  fact  that  the  coils  on  the  armature,  which  is 
I'otor,  are  self-contained,  have  their  terminals  connected  so  D 
the  windiuK  Is  purely  re-entrant,  and  have  no  outside  cODMCt 
whatever.  A  General  Electric  Company  Induction  motor  Is  ihff 
in  FiK.  2(17.  ' 

Rotary  and  Revolving  Pteld. — What  has  baen  described  Is  < 
rolary  field.  In  it  the  rotary  action  la  purely  electrical,  ther^ 
no  rotation  ot  anv  pavl  of  the  mechanism.  A  rerolvlng  flelr 
another  thing — It  \a  a  fte\4  ■w\\\ifti  \.M.-n:ift  around  an  asls  lit' 
wheel.    It  is  otten  oaft4  ^^  a\\.ftTMW«.?,-^'«vRS.  - ' 
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1b  danger  of  confusion   In   the   use  of  these  two  term 
meaning  of  each  should  be  grasped,  : 
between  them. 

By  a  simple  modification  of  mechanical  structure,  a  rotary  field 
may  be  mounted  on  iournals  and  the  armature  may  be  fixed.    In 
I  such  a  case  the  field  becomes  the  rotor,  and  Is  really  a  combined 
tary  and  revolving  field. 

Starting  Torque.— Polyphase-current  induction  motors  have  a 
Jatarting  torque,  which  single-phase  synchronous  motors  are  destl- 


Fio.  38".— Induction  Motob  wrrH  9ijEntnKi,C*(iEAi 


This  feature  has  made  polyphase 
a  of  alternating  currents. 
I'Squlrrel  Cage  Armature. 


3  favorite 


—This  is  a  favorite  type  of  armature 

It  consists  of  a  laminated  core,  with 

,lghl  conductora   of   copper   lying   in   longitudinal   grooves   or 

ilee  as  close  to  its  surface  as  possible.    The  ends  are  connected 

two  rings  of  copper.     The  windings  thus  provided  have  been 

■  compared  to  a  squirrel  cage,  and  the  name  has  been  defln- 

adopted  for  them.    A  Eimple  form  is  stvown  Vq  ¥\.^.  "LWi, 

tng  Reslatancea  are  used  to  develop  BlaT\.\Q.%  Xoto.'o.e-    "V^ 
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is  proved  in  the  analytical  discussion  of  the  induction  motor  that 
at  starting  the  torque  is  proportional  to  the  rotor  resistance. 
Resistances  are  provided  for  changing  the  resistance  of  the  rotor 
windings.  In  the  General  Electric  Company's  form  L  motor,  a 
wound  armature  is  used  with  distinct  circuits  instead  of  a  squir- 
rel-cage armature.  The  terminals  of  the  circuits  come  out  in  the 
center  of  the  armature,  and  are  connected  to  each  other  through 
resistance  grids.  The  grids  have  contact  points,  and  a  shoe 
worked  from  outside  the  motor  by  a  lever  slides  back  and  forth, 
so  as  to  cut  resistance  in  or  out  as  required. 

Many  arrangements  of  starting  resistance  have  been  used  by 
different  makers. 

Starting  Compensator.— This  is  also  used  fn  starting  the  in- 


FiG.  268.— Squirrel  Cage  Armature. 

duction  motor.    It  is  a  transformer  containing  a  single  coil  which 
takes  full  line  voltage.     It  has  one  or  more  taps,  and  by  connect- 
ing the  motor  to  one  of  the  taps  a  reduced  voltage  is  obtained 
for  starting.     When  the  motor  reaches  nearly  full   speed,  it  is 
thrown  from  the  tap  directly  into  the  circuit,  so  aS'  to  get  full 
voliage.    The  change  is  effected  by  a  switch  working  in  oil  situ- 
ated in  the  base  of  the  compensator.    The  motor  to  be  used  with 
this  apparatus  has  the  simple  squirrel-cage  armature,  as  there  is 
no  change  of  armature  resistance  to  be  brought  about,  and  \t  is  of 
impler  construction.     It  is  applicable  where  the  motor  is  not 
Ij'S^ed  to  start  with  full  load,  and  where  t^ere  is  no  objectior4 
the  use  of  a  large  starting  cutt^uX,    *  '^'^^   .  <» 
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Lenz's  Law  and  the  Induction  Motor.— Lenz's  law  applies  to 
this  motor.  The  rotary  field  as  its  poles  move  induces  currents 
in  the  armature  opposing  the  motion  of  the  fields.  This  motion 
while  not  mechanical  has  exactly  the  effect  of  a  mechanical  move- 
ment of  the  poles.  Currents  opposing  the  motion,  with  their 
action  increased  by  the  iron  of  the  core,  cause  the  armature  to 
rotate  exactly  in  accordance  with  the  law. 

Construction  of  Induction  Motors.— Laminated  cores  for  field 
and  armature  are  much  used,  such  as  have  already  been  illus- 
trated previously.  The  windings  of  the  armature,  if  of  the  squir- 
rel-cage type,  are  not  necessarily  insulated  from  the  frame.  The 
motor  with  starting  resistance  may  give  a  starting  torque  50 
per  cent  greater  than  the  full  load  running  torque  with  about  the 
same  excess  of  current.  They  are  made  of  high  horse-power  as 
well  as  of  smaller  power. 

Tlie  Synclironous  flotor. — If  two  single-phase  alternators  are 
connected  together  in  one  circuit,  one  may  be  driven  by  power 
so  as  to  impress  alternating  electromotive  force  upon  the  line 
with  accompanying  current.  The  other  alternator  receiving  cur- 
rent from  the  line  if  it  is  once  started  into  motion  so  as  to  cor- 
respond with  the  alternations  of  the  other,  will  continue  moving 
and  be  a  motor.  For  each  alternation  of  current  an  identical 
alternation  is  involved  in  its  operation;  the  two  machines  work- 
ing together  harmonize  exactly  in  the  time  of  their  alternations, 
and  are  said  to  be  in  synchronism.  The  motor  machine  is  a 
synchronous  motor. 

When  current  and  electromotive  force  generated  by  its  motion 
harmonize  in  direction,  an  electric  machine  of  the  dynamo  type 
in  which  such  condition  exists  is  a  generator.  In  other  words, 
such  condition  can  only  exist  in  a  system  to  which  power  is  ap- 
plied— can  only  exist  in  a  dynamo  whose  armature  is  turned 
by  power.  If  mechanical  energy  is  expended  on  an  alternator, 
electromotive  force  and  current  harmonizing  with  each  other 
will  be  the  result. 

The  generation  of  electromotive  force  opposed  to  the  current 
received  by  a  dynamo  indicates  that  that  dynamo  is  a  motor — is 
giving  out  no  electrical  energy,  but  is  absorbing  it  and  is  giving 
out  mechanical  energy.    Therefore,  if  an  aVl^Tiva.toT  \x^^  \\s»  ^n^s^- 
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the  electromotive  force  its  motion  generates,   It 
becomes  under  proper  conditions  a  motor. 

The  synctironoua  one-phase  motor  !s  based  on  these  principles. 

Condition  of  Operation.— The  cut,  Fig.  2tj9,  shows  two  cm 
one  or  eiecfromotlve  force,  and  one  of  current.  The  current 
lags.  The  current  and  electromotive  force  oppose  each  other  i: 
the  section  marked  I,  are  together  in  II,  opposed  in  III,  and  tt 
gether  in  TV.  An  alternator  producing  a  current  and  electro- 
motive force  of  these  relations  would  during  the  periods  I  and 
III  give  out  mechanical  energy  and  absorb  electric  energ;  and 


be  a  motor.     During  the  periods  II  and  !V  it  would  absorb  mech- 
anical energy  and  give  out  electric  energy  and  be  a  generator. 

It  the  lag  was  90°,  or  in  nuadrature,  the  periods  1  and  III 
would  be  equal  In  all  ways  to  11  and  IV,  and  the  machine  as 
as  its  electrical  functions  were  concerned  would  absorb  no  me 
aninal  energy  and  give  out  no  electrical  energy.  It  would  be  In  ' 
a  wattless  condition.  If  the  lag  exceeded  90°,  periods  I  and  III 
would  be  larger  than  II  and  IV.  and  the  machine  would  abaorft 
electric  energy  and  give  off  mechanical  energy  and  would  become 
a  syacbronoua  motor. 
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■There  need  hf  nu  struclural  difference  between  the  generator 
of  a  single  phase  alternating  current  and  the  synclironouB  motor 
driven  by  It  Whether  a  maehine  is  one  or  the  other  is  a  qnes- 
tlon  of  phase  relation  of  volts  and  amperes,  if  the  two  identical 
machines  ot  the  single-phase  aiternatinB-current  type  are  con- 
nected eiectncalU  and  one  is  rotated  by  power  as  a  generator 
and  the  othei  l>  anv  means  is  caused  to  rotate  al,  the  same 
speed  the  latter  becomes  a  motor,  and  will  thereafter  rotate  at 
the  identical  speed  ot  the  generator  and  be  driven  by  It  as  a 
synchronous  motor  In  the  generator  the  electromotive  force 
|i       and  current  will  be  nearly  in  phase  with  each  other.     In  the 

r  ■ 

motor  counter  electromotive  force 

I       itmoat  exactly  oppose  the  current. 

ot  current  and  electromotive  force  will  be  aim 

I       the  motor  the  counter  electromotive  force  i 
different  In  phase. 

Single-Phase  Synchronous  Motor.— A  single-phase  generator 
and  molor  connected  are  shown  in  the  diagram,  Fig.  270.  They 
are  of  Identical  construction.  The  current  generated  by  the 
generator  is  Indicated  by  the  heavy  arrows.  This  current  causes 
the  ^oto^  oi  the  motor  to  turn  in  exact  synchronism  with  the 
generator.     The  rotation   of  the   votoT    ot  fee  tqoVq^    ■geaiiWpS-ss' 


Fio.  270.— Sing  LE-Pn  ABB 


Motor. 


e  generated,  and  will 
3  generator  the  cnrvea 
in  phase,  and  in 
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counter  electromotive  force.  The  polarity  of  this  is  indicated 
by   the   lighter   arrows. 

For  synchronous  rotation  the  conditions  of  phase  in  the  two 
armatures  must  be  exactly  opposite,  if  one  is  to  be  a  generator 
and  one  a  motor.  Therefore,  torque  is  not  to  be  looked  for  until 
synchronism  is  attained.  For  this  reason  a  synchronous  single- 
phase  motor  has  no  starting  torque,  and  has  to  be  started  in 
some  way  until  it  moves  as  fast  as  the  generator.  After  that  is 
done  it  will  go  on  exercising  torque,  and  absorbing  electrical 
and  developing  mechanical  energy. 

To  start  it  the  current  is  divided,  and  one  branch  by  a  capacity 


Fig.  271.— Thrbe-Phase  Generator  Aim  Synchronous  Motor. 


or  inductance  is  thrown  as  nearly  90°   out  of  phase  with  the 
other  as  possible.    The  two  leads  are  then  connected  to  the  ma-* 
chine  and  establish  a  rotary  field,  and  the  synchronous  motor  is 
thus  converted  into  an  induction  motor.     It  is  speeded  up,  as  it 
now  has  starting  torque.    When  going  fast  enough  the  inductance 
is  cut  out,  and  it  continues  in  motion  as  a  synchronous  motor. 
Synchronous  Polyphase  Motor.— As  far  as  revolving  is  con- 
cerned, a  polyphase  generator  and  motor  may  be  identical.     In 
a  rotating  field  magnet  permanent  poles  are  maintained  by  a 
direct    current.     The    polyphase    alternating    current    is    passed 
through   the  windings  of  a  stationary  armature.     This  creates 
in  it  a  rotary  field.     The  condition  is  illustrated  in  diagram  in 
F'l'S^.  271,  a.  permanent  njagnet  representing  the  electro-magnet  of 
the  description.     The  generator  on  I'tiQ  \^iX.  ^TKiduces  a  rotary 
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field  In  the  motor,  which  cauaea  its  rotor,  which  is  its  fleld  mag- 
net, to  revolve  in  exact  synchronism. 

The  stator  and  rotor  may  be  reversed  in  the  conBtrnction. 

Self-Starting  Synchronous  Motor. — To  make  a  potypbase 
synchronous  motor  self- starting,  the  following  arrangement  Is 
Eometlmes  adopted. 

Copper  bars  connected  at  their  ends  are  bedded  In  the  faces  of 
the  pole  pieces  of  the  fleld  magnet.  The  rotary  field  acts  upon 
these,  and  Induces  current  In  them  exactly  aa  In  the  induction 
motor.  To  start  the  motor,  the  direct-current  fleld  circuit  ia 
opened,  and  Ih^  nliprviatiiii.'  rirruit  is  closed.    The  motor  is  now  an 


'  Fio.  2T2.-  SyacHBONooa  Motub  Kotoh  with  Siabtiejq  Arhatitbb. 

Induction  motor,  and  the  rotor  begins  to  turn.  It  is  given  no 
load,  so  that  the  rotor  soon  turns  almost  at  the  speed  of  the 
rotary  field.  The  direct  current  is  now  turned  on,  and  the  motor 
becomes  a  synchronous  motor.  The  elements  of  the  induction 
motor  are  still  present,  but  no  torque  ia  exercised  by  them  be- 
oanse  there  te  no  slip. 

The  same  principle  la  carried  out  by  mounting  on  the  same 
shaft  with  the  synchronous  armature  a  smaller  induction-motor 
armature.  When  in  place  each  armature  Ilea  in  Its  own  fleld. 
and  Ihe  induction  motor  is  used  to  start  and  lo  \iT\\i^  \V5  Vo  ^"t^- 
thronJsa  the  larger  armature  of  the  aynchronoMa  ■owiVj'e-    "^'^'^o 
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this  is  effected,  the  synchronous  motor  takes  up  the  load,  and  the 
induction  motor  ceases  to  act.  Fig.  272  shows  the  armature  of  a 
synchronous  motor  with  the  squirrel-cage  armature  of  the  start* 
ing  induction  motor  on  the  right-hand  end  of  the  shaft. 

In  the  above  lines  the  Use  Of  direct  current  and  of  alternating 
current  for  the  motor  has  been  spoken  of.  This  refers  to  the 
field  and  armature  currents  respectively.  An  alternating-cur- 
rent generator  has  its  field  excited  by  a  direct  current,  and  gen- 
erates an  alternating  current  from  its  armature.  An  alternating 
current  synchronous  motor  goes  a  step  further,  as  it  has  to  be 
connected  to  two  distinct  circuits  for  its  operation,  each  one  sup- 
plying power.  One  circuit  possesses  direct  current,  which  excites 
the  field;  the  latter  may  be  rotor  or  stator.  In  the  diagrams 
it  is  shown  as  the  rotor,  and  to  avoid  complication  a  permanent 
magnet  is  used  as  its  representative.  The  other  circuit,  entirely 
distinct  from  the  first  one  mentioned,  passes  alternating  current 
to  the  armature  windings.  This  is  the  true  power  circuit,  cur- 
rent from  which  actuates  the  machine.  In  the  diagrams  the 
armature  is  shown  as  the  stator,  but  the  relation  of  stator  and 
rotor  can  be  changed. 
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Transformer    CoDstructton.- 

through  a  conductor,  it  establishes  around  It  a  field  of  force. 
Energy  ia  expended  in  pro<iucing  the  fleid,  but  none  in  maintain- 
ing it.  If  a  second  wire  or  conductor  lies  parallel  to  the  first 
during  the  time  that  the  field  of  force  fs  being  built  up,  electro- 
motive force  will  be  impressed  upon  it  by  the  growth  In  number 
oC  the  lines  of  force.  This  electromotive,  force  will  be  of  such 
polarity  lliat  it  will  lend  to  produce  a  current  In  the  opposite  di- 
rection to  the  original 
current.  If  the  other  cur- 
rent weakens,  energy  will 
be  drawn  away  from  the 
field,  and  the  electromotive 
force  Impressed  upon  the 
neighboring  wire  will  be 
of  the  reverse  polarity. 
Current  is  only  produced 
during  the  period  of  change 
of  Intensity  of  field.  The  transformer  contains  two  colls  of  wire 
iaaulated  from  each  other.  One,  the  primary,  receives  varying 
electromotive  force;  the  other,  which  la  the  secondary,  has  elec- 
tromotive force  impressed  upon  it  by  variations  In  the  current 
passing  through   the  primary. 

In  Ffg.  273  C  represents  a  bundle  of  Iron  wire  wound  with  two 
colls  of  insulated  wire.  The  circuit  from  one  coil,  which  Is  of 
small  relative  length  and  large  current  capacity,  contains  a  bat- 
tery a  and  key  b.  The  other  coll  of  long  fine  wire  has  on  Its 
outer  circuit  c'  t'  two  electrodes  d  d.  On  depressing  and  releasing 
the  key,  a  sijark  will  Jump  across  the  air  space  between  the  two 
875 
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electrodes,  if  all  proportions  are  right.  The  first-named  coil  is 
the  primary;   the  other  is  the  secondary. 

The  Object  of  a  Transformer  is  to  receive  a  given  alternating 
voltage  from  an  alternator  delivered  at  one  pair  of  terminals, 
and  to  deliver  at  another  pair  of  terminals  a  different  alternat- 
ing voltage.  The  transformers  seen  on  house  fronts  and  power 
line  poles  may  have  a  comparatively  fine  wire  deliver  a  small 
current  at  1,000  to  6,000  volts  potential  to  their  primary  terminals, 
while  from  their  secondary  terminals  a  current  twenty  to  one 
hundred  or  more  times  greater  is  taken  off  with  a  potential 
difference  at  the  secondary  terminals  of  50  or  60  volts  only. 

A  small  copper  wire  might*  thus  deliver  a  1^/4 -ampere  current  to 
a  transformer  with  6,000  volts  between  the  primary  terminals. 


PRIMARY^  r  SECONDARY 


FiQ.  274.— Alternator  and 
Converter  Kelations. 


Fig.  274a.— Ring  Transformer. 


This  would  be  about  10  horse-power.  But  if  this  10  horse-power 
had  to  be  delivered  with  only  50  volts  potential  difference  be- 
tween the  primary  terminals,  the  wire  would  have  had  to  be  of 
twelve  times  the  cross-sectional  area,  and  consequently  of  twelve 
times  the  weight,  and  approximately  twelve  times  the  cost. 

Choking.— Another  function  is  performed  by  transformers. 
The  current  passed  through  them  between  their  primary  ter- 
minals is  almost  nothing  if  none  is  taken  from  the  secondary. 
Hence  they  act  to  "choke"  or  hold  back  the  current  when  de- 
sired without  any  considerable  ensuing  loss  of  energy. 

The  construction  is  simplicity  itself.    The  apparatus  is  so  sim- 

p/e  and  efficient  that  it  appeals  to  the  electrician  as  one  of  the 

most  perfect  of  all  electrical  appUancea.  '^\i^t^  w^  wo  moving 
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parts  to  wear  out,  except  in  a  special  type  of  transformer,  and 
its  action  is  absolutely  automatic  and  perfect. 

Sylvanus   P.   Thompson   very  aptly   says   that   a   transformer 

may  be  regarded  as  a  dynamo  with  stationary  field  and  armature, 

in  which  the  alternating  magnetism  of  the  iron  coil  induces  the 

desired  current  in  the  secondary  coil,  representing  the  armature. 

The  Limitation  of    a  Transformer 

« 

is  that  it  has  to  have  a  varying  cur- 
rent; practically,  it  is  used  only  on 
alternating  current  circuits.  It  pro- 
duces a  secondary  alternating  current, 
which  can  be  made  to  give  a  direct 
one  by  special  mechanism. 

Tlie  i^rinciple  of   a  Transformer  is 
shown   in   diagram   in  Fig.   274.       An 
alternating  current  from  an  alternator 
on  the  left  goes  through  the  primary 
coil,  which  is  wound  around  a  sort  of 
iron   ring.     Another  coil  entirely  dis- 
connected   from   the   primary   is   also 
wound  around  the  ring;  this  is  called 
the     secondary    coil.     A    ring    trans- 
former with  adequate  coils  is  shown  in 
Fig.  274a.     As  current  goes  back  and 
forth  in  the  primary,  it  produces  lines 
of  force,  in  the  iron  core  principally. 
As  the  current  starting  from  zero  in- 
creases to   a   maximum,  the  lines  of 
force  increase  in  number,  and  are  of 
polarity  corresponding  to  the  direction 
of  the   current.       As  the  current  re- 
cedes to  zero  the  lines  of  force  die  away,  and  as  the  current  goes 
to  a  maximum  in  the  reverse  direction,  lines  of  force  of  opposite 
polarity  to  the  first  are  produced.     These  changes  in  intensity 
and  polarity  of  the  field  impress  upon  the  secondary  an  electro- 
motive force  varying  from  zero  to  maximum,  and  of  constantly 
changing  polarity.    If  there  are  ten  times  as  many  turns  of  wire 
in  the  primary  as  there  are  in  th^e  aecon^x's ,  Wv^  ^^^\.\ws\Rk\}c^^ 


Figs.  275, 276,  and  277.— La- 
minated SHELIi  Typb 
TRANSrORMXB  CORBS. 
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force  impressed  on  the  secondary  will  be  one-ienth  that  in  the 
primary  coil.  The  direct  proportion  of  voltage  Impreaaed  to 
relative  number  of  turns  will  hold  for  all  ordinary  conditions. 

Shell  or  Jacket  Type  Transformers  are  those  in  which  the 
colla  are  surronnded  by  masses  of  laminated  iron.  The  material 
of  the  cores  has  to  be  of  metal  of  good  quality  and  quite  thin. 
Insulation  of  some  kind  is  used  between  the  plates  out  of  which 
the  tore   Is  built  up. 

The  cuts,  Pigs.  275,  376,  and  277,  show  the  conatrnclion  of  mod- 


I 


Fin.  27S  — Seotioh  09  a  Shell  Type  TnABSTonHEB. 

ern  transformer  cores,  whith  are  built  up  from  the  plates  after 
the  colls  have  been  wound  upon  a  form.    The  plates  In  the  t 
ample  shown  are  cut  In  such  a  shape  that  they  can  be  pushed  Into 
the  openings   of  the  colla. 

The  primary  and  secondary  colla  can  be  wound  on  top  ot  ei 
other  or  side  by  side.    The  cuts,  Figs,  278  and  280,  show  the  coila 

1  top  of  each  other. 

Step-Up  and  Step-Down  Transformers.— If   the    transformer 
s  the  voltage  of  a  system.  It  Is  called  a  step-up  transformer; 

t  lowers  it,  its  more  usual  seTvlce,  it  la  called  a  step-down 

\foriner  or  a.  transformer  Trittiout  ati^  lVaB^^^■^^^^«li■ 
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Ratio  of  TniiBformatlon.— Tlie  ratio  of  voltage  Impressed  on 
the  primary  to  tliat  impressed  on  the  secon^iary  In  the  working 
of  ttie  transformer,  as  determined  by  the  relative  numbers  of 
H  of  wire  in  eacli,  Is  called  the  ratio  of  transformation.  It 
secondary  turns 

]b  expressed  by  a  fraction  — — and  is  often  desig- 

primary  turns 
nated  by  k.     . 
Shell  Type  Tranatormers.— The 


1 


ion   of  the   worlcing 


parts  of  a  typical  shell  type  transformer  is  shown  in  Figs  279 
and  280  In  seotion  and  elevation  The  apparatus  is  a  transformer 
of  the  shell  or  Jarliet  type,  so  called  because  a  hollow  laminated 
masB  of  iron,  electrically  Bpeaking  its  core  surrounds  the  coda 
of  the  transformer.  In  the  section  the  coila  are  seen  imbedded 
In  the  hollow  core.  In  this  particular  tovl  the  lOvVi  \i\Vni»..t'i  »n.*i. 
eeeondary  are  wound  separately  and  p\&(-ei  one  a.\«>\ft  \\ie  «C&«s, 
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Another  shell  type  transformer  with  coils  partly  exposed  is  shown 
in  Fig.  281. 

Core  Translormers.— Transformers   whose  core   is  surrounded 
b7  the  instilated  primary  and  secondary  coils 


1 


Pigs.  282  and  others  sucii  coils  are  shown.  In  Fig.  : 
Etruction  of  such  a  transformer  is 
shown,  and  in  the  next  cuts.  Figs. 
2S4  and  285,  another  form  Is  Illus- 
trated. The  ring  transformers 
shown  in  Figs.  274  and  274o  are 
really  core  type  transformers,  al- 
though the  term  Is  usually  applied 


3  the  c 


# 


Flo.  S81.-SBELL  TrPH  TBAKWOBICBB. 

s  the  term 


Fig.  Z32. -Cores  OP  Cohe  Tvpb 

Oir^COniJIII  TRANBFOBUSIt. 

covers 


1^    num 


to  those  with  Htraiglit 
the  other  case. 

Disk-Wound    TransformerB.^Sometimes    the   coils   are   in  a 

numher   of   Eectlons   wound   separately   into   disks  and   piled   one 

top  of  another  la  alternation,  as  shown  in  Figs.  283  and  othevB. 

ecUng  the  sections  in  serlea  oy  ^n  ii\«eTent  parallel  coo- 

ms,  the  primary  can  be  made  to  aet^e  ^^  a.  •jqVvb.?.^  q^.  ^rm^- 
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ing  amount,  and  the  secondary  can  be  connected  to  give  difCerent 
potentials.  A  series  connection  of  the  eectlong  is  used  for  the 
iiigh  voltages,  and   parallel  connection  for  the  low  voltages. 

Pancake  Colls.— Coils  such  as  those  shown  in  proceea  of  con- 
struction and  completed  in  Figs.  286  and  287  are  called  pancake 
colls.  They  are  insulated,  taped. 
and  shellacked  so  as  to  be  (julte 
strong.  Such  coils  are  often 
wound  of  copper  ribbon  as  wide 
as  a  coll  is  high.  The  colls  illus- 
trated are  used  in  shell-type  trans- 
formers tooled  by  air  blast. 


OlI^COOLED 


The  Auto -Transformer  consists  of  an  iron  core  wound  with  a 
single  coil  which  virtually  constitutes  the  primary  and  secondary. 
The  secondary  circuit  is  taken  from  It  at  two  poinls;  one  connec- 
tion ia  made  at  one  end  of  the  coil,  the  other  at  an  intermediate 
point.  The  portion  of  the  coil  comprised  between  these  points 
may  be  of  wire  of  extra  thickness.  It  represents  the  secondary 
coil.     The  voltages  will  he  to  each  Other  &%  tti%  'wAaX  \».tq.9.  \-a. 
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the  oil  o  those  in  the  secondary  portion  of  the  winding, 
may  he  a  step-down  or  step-up  tranaformer.  In  the  lalter  ci 
the  sho  t    ection  ot  coll  Is  connected  as  the  primary. 

A  s  mlla  connection  Is  sometlmeB  made  to  the  secondary  coil 
In  the  th  e  wire  system  as  applied  to  the  working  clreuitB,  which 
are  the  secondary  circuits,  of  alternating  current  systeniB  of  dis- 


tribution. Three  wires  are  connected  to  the  secondary,  one  In  the 
center  and  one  at  each  end.  If  a  voltage  of  220  1h  given  by  the 
secondary,  then  110  volts  will  be  formed  between  each  end  lead 
and  middle  lead.  The  centrally-connected  wire  Ja  the  neutral 
wire.  This  arrangement  supplies  current  on  the  two-wire  system 
until  points  are  reached  where  It  la  to  be  used.  At  these  points 
tJie  fransformers  perform  a  double  function,  changing  voltage  and 
SastltutiBg  a.  tJiree-wire  distribution. 
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I  Action  of  the  Transformer.  ^When  the  secondary  circuit  of 
B.  transformer  is  open,  the  inductance  acts  to  keep  back  the  cur- 
rent In  the  primary,  and  the  IraoBformer  becomes  virtually  what 
is  called  a  i^hoUe  coil.  Some  electric  energy  ie  wasted  upon  it,  as 
it  1b  not  absolutely  without  current  and  the  full  voltage  must  be 
expended.  When  the  eecondary  circuit  is  closed,  a  change  of 
current  intensity  in  the  primary  sends  a  current  through  the 
secondary,   hut  in   the  opposite  sense.     Inductance  is  due  to  the 

r«nergy  required  to  increase  the  Intenslly  of  a  field  of  force.     The 


1^  primary  sends  a  current  of  changing  Intensity  in  one  direction, 
J  which  produces  lines  of  force  through  the  core  of  the  transformer 
ijl  -when  left  to  Itself,  and  as  it  expends  energy  on  doing  so  is 
*.  choked  back.  But  it  the  secondary  circuit  is  closed,  a  current  in 
tile  reverse  direction  goes  through  it.  and  demagnetizing  to  great- 
is  extent  the  core  of  the  transformer,  fHcilltates  to  that 
;tent  the  passage  of  a  current  through  the  primary. 
A  closed  secondary  circuit  causes  current  to  go  through  the 
■imary;  with  an  open  secondary  only  a  very  small  current  can 

through    the    primary. 
Transformers  must  have  as  good  permeance  aa  ^osaWvsi,  *si.*i. 
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hysteresis  being  a  source  of  loss  of  energy  must  be  avoided  by 
the  selection  of  an  iron  with  low  hysteretic  coeflftcient,  and  by 
the^  use  of  laminated  cores. 

Heat  in  Transformers  — Transformers  become  heated  when  in 
use,  partly  from  the  eddy  currents  in  the  masses  of  metal  of 
which  they  are  constructed,  partly  from  the  current  in  their 
coils.  Cooling  of  some  sort  has  to  be  adopted.  For  small  coils 
this  is  effected  by  the  circulation  of  air  about  them  and  by  the 
natural  radiation  of  heat. 

Outdoor  transformers  are  generally  of  the  smaller  sizes,  and 
frequently  the  above  agencies  are  depended  on  to  cool  them.  The 
radiating  surface  of  any  solid  varies  with  the  square  of  its 
lineal  dimensions,  while  its  cubic  contents  varies  with  the  cube 
of  the  same.  The  cubic  contents  increases  with  linear  size  more 
rapidly  than  does  the  surface.  Therefore,  the  smaller  a  body  is, 
the  more  favorable  is  the  ratio  of  its  radiating  surface  to  its 
cubic  contents.  The  heat  present  in  it  from  any  cause  varies 
with  the  cubic  contents.  Its  output  is  proportional  to  the  same, 
and  the  heat  imparted  to  it  varies  with  the  output. 

A  small  transformer  will  cool  more  quickly  than  a  large  one, 
all  other  elements  being  equal. 

The  tendency  of  electric  engineering  practice  is  to  use  special 
means  for   cooling   transformers. 

Oil  Cooling, — Small  converters  are  frequently  oil-cooled.  The 
converter  is  placed  in  a  liquid-tight  case,  which  is  filled  with 
oil.  As  the  coil  rises  in  temperature  the  oil  becomes  heated,  and 
by  circulating  conveys  the  heat  to  the  outside  case.  The  air 
cools  this,  and  thereby  cooling  the  oil  keeps  down  the  temperature 
of  the  coil.  The  cut.  Fig.  284,  page  381,  shows  an  oil-cooled  trans- 
former with  its  coils  lifted  out  of  its  case.  This  is  a  core-type 
transformer.  In  use  the  coils  and  cores  are  lowered  into  the 
case,  and  oil  is  poured  in  until  it  is  full.  Fig.  285,  page  382,  gives 
a  separate  view  of  the  primary  and  secondary  of  the  same  type  of 
transformer,  with  its  coils  surrounding  the  cores. 

Oil  in  a  converter  case  performs  another  function,  as  it  im- 
proves the  insulation. 

A  thermometer  as  shown  in  Fig.  288  is  sometimes  set  into  an 
oil-cooled  transformer,  in  order  to  show  how  hot  It  is  getting. 
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Ab  the  size  increases,  the  heat  iraimrted  rises  with  the  cube  of 
the  linear  dimensions,  and  the  superficial  area  rises  only  as  the 
square.  The  cooling  power  is  pretty  closely  proportional  to  the 
Buperflclal  area.  Notwithstanding  the  wasteful  heating  of  trans- 
formers, large-slued  ones  are  enceedlngly  economical,  often  giv- 
ing over  98  per  cent  of  return,  a  waste  of  leas  than  2  per  cent. 

There  would  he  no  difficulty 
in  making  the  transformer  so 
large  In  proportion  to  Us  out- 
put that  special  cooling  would 
not  be  required.  But  this 
would  he  so  expensive  that  It 
would  cost  more  than  would 
the  use  of  smaller  artificially 
cooled  transformers. 

A  characteristic  feature  of 
many  transformers  Is  the  cor 
ruga  ted  case.  The  shape  is 
glvpn  to  increase  the  area  with 
which  the  air  comes  in  contact 
Water  Cooling.— Water  can 
not  he  directly  applied  for 
cooling  transformers,  on  ac 
count   of   its   effect    on   the   tn 

;     SUlation,        It    is   applied    Indl 

ij    rectly  hy  using  a  coil   through 

j    which  water  circulates  to  cool 

'   the    oil.    The    cut.    Fig.    289     j,^, 

■  ehowB   the  interior  parts  of  a 

I    shell-type     transformer      lifted 

lt<mt  Of  the  case.     The  core  and  coih 

I    Jilpe.     In  use  the  whole  apparatus,  core, 

'   iBimersed   In   oil   in    the   transformer  cas 
th«  transformer,  as  the  oi!   gets  hot,  thi 


surface.     Here  the  h 
Ol  pipe  is  immersed  in 
moat  effective  place  for 
through  it. 


surmounted  by  a  coil  of 

.  coil,  and  water  pipe.  Is 

ae.     In   the   operation   of 

hotter  oil  rises  to  the 

oil  would  naturally  accumulate.    The  coil 

I  this  portion  of  the  oil.  and  occupies  the 

Doling  the  oil.    Water  is  kept  circulating 
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Alr-Blast  Coollng.^The  cooling  power  of  an  air  blast  is  oft«i 
used  for  transformers.  A  current  of  air  in  rapid  motion 
far  greater  cooling  power  than  when  it  is  left  to  Its  natural  cit 
culation.  The  cut.  Fig.  286a,  shows  aii  alr-hlaKt  cooled  tran» 
lormer.    The  air  enters  from  below  tlirough  a  pipe  eommunlcat 


^^^ .  dlap 

mt 


an  01   other  source  of  air  blast      The  primary  and 

secondary  are  wound  m  flat  coila  separated  fiom  each  other  b 

dlaphragniB     The  core  i    bo  built  up  as  to  leave  air  ducts  regular- 

ly  spaced  throughout      On  the  top  there  la  a  central    tamper  t 

iJate  the  draft  of  air  lietweeu  tde  coila,  and  the  damper  on  th 

near  the  top  regulateB  ttie  Atatt.  fttriaa^  ftit  wi\g.    it  the 


TRANSFORMERS.  3S7 

tottom  Bern i circular  doors  give  access  to  the  secondary  terminal. 
The  primary  terminals  enter  on  the  top. 

The  power  required  to  operate  the  fan-Tjlower  Is  exceedingly 
amali,  about  one-tenth  of  one  per  cent  of  the  output.  The  tan  ia 
driven  by  an  electric  motor. 

Disk  Windlog. ^Constructors  of  transformers  often  wind  the 
low-tension  coils  disk  fashion  or  concentrically,  with  one  set 
of  turns  per  layer,  while  its  high-tension  .coils  are  wound  out  of 
wire  of  rectangular  cross  section.  In  the  large  transformers  a 
number  of  wires  are  connected  in  parallel.  This  suiidivialon 
prevents  in  a  great  degree  eddy  currents  in  the  conductors,  just 
as  lamination  prevents  it  in  the  cores. 

The  system  used  in  the  high-tension  windings  brings  about 
another  result.  As  one  set  of  turns  only  is  used  for  the  width 
of  each  flat  or  disit  coil,  the  electromotive  force  between  neighbor- 
ing turns  Is  never  more  than  25  volts,  and  sometimes  is  only  10 
volts.  The  principle  is  the  familiar  one  used  in  the  higii-tension 
winding  ot  induction  coils.  It  is  called  disk  winding  when 
applied  to  this  class  of  apparatus. 

Ducts  are  arranged  all  through  these  coiis,  so  that  the  oil  with 
which  they  are  charged  starts  into  vigorous  circulation  at  once 
when  the  heating  due  to  service  begins  and  no  part  of  the  iron 
is  more  than  an  inch  distant  from  oil  in  motion. 

In  larger  sizes  of  transformers  the  cast-iron  covers  may  simply 
be  put  in  place  without  bolting  down.  A  case  could  hardly 
arise  in  which  a  large  transformer  would  be  placed  on  its  side. 
With  small  transformers,  their  covers  are  bolted  on,  ho  that 
tbey  can  be  subjected  to  considerable  jolting  and  inclined  posf- 
tioiiH  without  disturbance. 

Constant -Current  Transtonners.— A  constant -current  trans- 
former is  one  in  which  there  is  not  a  constant  ratio  of  electro- 
motive forces  between  the  terminals  of  the  primary  and  seeond- 
»ry  coils,  but  in  which  a  constant  current  is  maintained  by  the 
secondary  as  long  as  a  constant  electroraolive  force  is  maintained 
at  the  terminals  of  the  primary  coil.  This  represents  the  require- 
jueDtB  of  series  lighting. 

An  ordinary  transformer  gives  on  thei  fte<ioii4«.i-s    mi  a\TO.Q^^, 
t  vIrtuaJ  voltage  and  varying  IntemaMT  "^  twt\^-i\^-      '^'^ 
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the  coils  of  the  transformer  be  so  constructed  that  the  induct- 
ance of  the  primary  and  of  the  secondary  portions  are  high  com- 
pared with  the  mutual  induction  between  them,  the  coil  will  give 
a  constant  virtual  intensity  of  current  to  its  secondary.  One 
way  of  effecting  this  result  is  to  have  a  choke  coil  in  series  with 
the  primary  coil.  Special  constructions  of  coils  may  be  con- 
structed to  answer  the  same  end.  A  long  core  with  the  coils  on 
the  ends  is  one  desigr. 

Electrical  constructors  have  also  devised  transformers  in  which 
the  result  described  above  is  produced  by  changing  the  distance 
between  the  coils. 

The  diagram,  Fig.  290,  illustrates  the  principle.     C  represents 


I      C      
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FiQ.  29).— Action  of  Constant  Current  Transformer. 

the  iron  core,  P,  P,  the  primary,  and  S,  S,  the  secondary  coil. 
The  secondary  coil  is  movable  and  suspended  at  the  end  of  a 
lever  with  counterpoise,  so  that  a  little  force  will  move  the  sec- 
ondary coil  up  and  down. 

By  Lenz's  law  (page  213),  the  induction  of  a  current  in  the 
secondary  coil  will  cause  repulsion  between  the  coils  to  be  ex- 
erted. This  varies  in  degree  with  the  current  induced.  There- 
fore, in  the  apparatus  any  tendency  to  an  increase  of  current  in 
the  secondary  repels  it  from  the  primary,  thereby  diminishing 
the  induced  current.  If  the  current  grows  less,  the  rejJulsion 
diminishes  and  the  coils  come  nearer  together,  aiid  the  indue- 
tJon  is  jn  created. 
The  next   cut.   Fig.   291,   shows  lYie  eonstruction.     In  this   th 
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fUed  eoir  is  seen  at  tlie  bottom.  The  movable  coll  la  suspended 
as  Bhown  above  the  Bxed  poil.  It  is  held  in  equipoise  by  a  lever, 
with  counterweiphts.  When  a  amal)  current  is  taken  from  the 
secondary,  the  movable  coll  drops,  and  may  even  rest  upon  the 
fixed  one.  But  as  more  current  la  taken  from  the  fixed  coil,  the 
repulsion  drives  them  apart,  bo  aa  to  dimin- 
ish the  induced  current.  In  this  way  a  con- 
stant current  is  maintained  with  changine 
resistance  on  the  outer  circuit.  Tho  cut 
shows  the  sectional  view  of  the  transformer 
In  the  upper  portion  of  It,  with  the 
plan  telow.  If  the  realstancfi  of  the  outer 
circuit  supplied  by  the  secondary  coll  Is  re- 
duced by  the  operation  of  are  lamps  or  by 
cutting  one  of  them  out  of  the  line,  the  cur- 
rent Increasea  momentarily,  the  repulsion 
drives  the  coil  a  apart,  the  induced  electromo- 
tive force  falla  in  value,  and  the  current 
through  the  new  and  less  resistance  under 
leas  electromotive  f.orce  is  unchanged. 

In  larger  transformers  of  this  type  there 
are  two  primaries,  one  at  the  top  and  the 
other  at  the  bottom,  both  fixed  in  place,  and 
two  secondaries  poiaed  between  them.  With- 
out any  output  one  rests  against  the  upper, 
the  other  against  the  lower  primary. 

One  characteristic  feature  of  this  appar- 
atus is  the  counterpoising  of  one  movable 
coil  by  the  other  one. 

An  auxiliary  lever  is  provided  for  adjust- 
ing the  effects  of  attraction  or  repulsion  between  the  coils, 
adding  or  removing  counterpoising  weights,  the  adjustment  la 
made.  The  apparatus  shown  has  its  coils  immersed  in  an  oil 
tank;  the  oil  not  only  acts  as  a  cooling  agent,  but  damps  the 
movements  of  the  coila. 

on  for  Transformers.— The  oil  for  filling  transformers  should 

te  of  low  viscosity,  so  as  to   rapidly  penetrate  ati-j   \-&V%\>fc'o,«ya. 

L  'pH^  flashiuff  point  and  high  Insulattoe  ■'ftVuB  ax^i  wXsa  -c««i!&&'*»'-  , 
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Sometimes  sparking  will  make  a  little  tube  of  carbonaceous  mat- 
ter through  oil  which  will  constitute  a  permanent  source  ol 
trouble. 

Insulation  In  Tramlormers.— The  most  elaborate  care  has  to 
be  taken  in  Insulating  the  windings  ol  transformers.  Tape, 
Bheilac,  and  mica  are  used.  The  iaminations  of  the  core  or  core 
plates  are  insulated  from  each  other  also  In  order  to  prevent 
Foucauit  currents. 

Direct  Current  from  Alternating  Current.— By  special  con- 
nections to  collecting  rings  on  the  shaft,  an  alternating  current 
can  be  talten  from  an  armature  wound  for  direct  current.  The 
illustration  Fig  292,  shows  a 
diagram  of  a  Gramme  ring 
wound  for  direct  current  It 
rotated  in  a  bipolar  field  with 
the  connections  shown  In  the 
cut.  an  alternating  electro  mo- 
tile force  will  be  impressed 
upon  the  circuit,  If  closed 
through  the  brushes  and  col- 
lecting rings  For  the  Oramme 
ring  the  general  rule  is  ttiat 
for  single  phase  current  the 
connections  must  be  taken  from 
Its  windings  at  angular  dis- 
tances equal  to  the  pole  spaces  For  four  poles  there  should  be 
four  connections  for  sis  poles  blx,  all  evfnly  spaced,  and  con- 
nected alternately  to  one  or  the  other  collecting  rinE 

In  these  windings,  whether  alternating  currents  are  taken 
from  them  by  means  of  connections  to  collecting  rings  or  wheth- 
er direct  currents  are  taken  from  them  b>  a  commutator  the  coils 
are  -lUbjected  to  preclaeiv  the  "^ame  Inductive  influences,  and 
Identical  electromotive  forces  are  Impressed  upon  the  windingfi 
in  botli  cases. 

Rotary  Converter. — If  an  armature  of  a  dynamo  is  provided 

with  two  sets  of  connections,  one  to  a  commutator  for  direct  cur- 

reot  and  another  to  two,  three,  or  four  collecting  rings  for  alter- 

aating  current,  a  machine  reeults  wMcb  can.  TCWiVift  wit  V-lnd  o( 
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current  and  act  as  a  motor  and  deliver  the  other  kind  of  current 
acting  as  a  dynamo.  Such  a  machine  is  called  a  rotary  cob* 
verter.  The  term  continuous  alternating  transformer  is  applied 
to  it  in  England. 

The  machines  can  be  driven  by  an  alternating  current  as  a 
synchronous  motor,  either  for  driving  machinery  or  for  generat- 
ing direct  current,  or  for  both.  The  latter  current  can  be  taken 
from  the  brushes  bearing  on  the  commutator. 

Use  of  the  Rotary  Transformer. — It  is  settled  that  for  long- 
distance transmission  of  power  the  alternating  current  is  to  be 
preferred.  It  is  in  connection  with  such  transmissions  that  the 
rotary  converter  is  principally  used.    For  many  purposes  direct 


Fio.  293.— Theory  op  Rotary  Convx^TaR. 


current  is   preferable.     Especially   in  high-voltage  transmission 
is  the  rotary  converter  useful. 

Thus,  a  power  station  may  generate  electric  energy,  and  trans- 
mit it  any  desired  distance  at  a  high  voltage,  so  as  to  need  only 
a  small  transmission  line.  It  will  in  such  cases  practically 
always  be  of  the  alternating-current  type.  When  it  reaches  a 
center  of  distribution,  the  current  may  go  through  step-down 
transformers,  thereby  giving  an  increase  of  current  and  diminu- 
tion of  voltage.  The  current  from  the  secondaries  of  the  step- 
down  transformers  may  be  used  to  drive  rotary  converters,  so  as 
to  produce  direct  current.  Such  an  arrangement  may  be  cited  as 
particularly  available  for  electric  railroads  on  which  <iVc<iR.V 
current  motors  are  employed. 
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Principles  of  Construction.— The  diagram,  Pig.  293,  shows  the 
principle  of  construction.  An  armature  is  indicated  by  its  wind- 
ings, and  is  supposed  to  rotate  in  a  magnetic  field.  The  ends  of 
the  windings  are  connected  to  collecting  rings  and  commutator 
segments.  In  the  diagram  each  end  of  the  winding  connects  to  one 
of  the  collecting  rings  and  then  to  one  of  the  two  commutator 
segments.  Four  brushes  are  provided;  one  pair  for  the  direct 
current  bear  against  the  commutator,  the  other  pair  for  the  alter- 
nating current  bear  against  the  collecting  rings. 

Alternating  current  received  by  the  pair  of  brushes  bearing 
against  the  collecting  rings  will  cause  the  armature  to  turn 
when  brought  up  to  speed.     It  becomes   a  .synchronous   motor. 

Direct  current  can  then  be  taken 
from  the  other  pair  of  brushes, 
which  bear  against  the  commu- 
tator surface.    In  this  case  it  op- 
erates  as   a   converter   of   alter- 
nating   into    direct   current.      It 
may     have     its     commutator 
brushes    connected    to    a    source 
of     direct     current.       It     theu 
turns  as  a  direct-current  motor, 
and   alternating  current   can   be 
taken  from  the  collecting-ring  brushes.     This  latter  use  is  com- 
paratively rare  in  engineering.    The  arrows  in  the  diagram  indi- 
cate the  current  relations. 

The  next  cut.  Fig.  294,  shows  a  drum  armature  with  a  regular 
commutator  at  one  end  of  its  shaft,  and  three  collecting  rings 
at  the  other.  From  each  collecting  ring  a  wire  connects  with 
the  winding  of  the  armature.  The  connections  are  120°  apart. 
One  result  is  a  three-phase  current  if  the  armature  is  rotated  in 
a  field  by  a  direct  current.  The  other  result  is  a  direct  current 
if  the  machine  is  driven  as  a  polyphase  synchronous  motor  by  a 
three-phase  current. 

Relations  of  Voltage  and  Current. — The  single-phase  rotary 
converter  operating  to  convert  direct  into  alternating  current  im- 
presses a  maximum  voltage  on  the  alternating-current  circuit 
VoaJ  to  that  of  the  direct-curTent  c\TeM\\..    "B^  l\v^  law  of  sines 
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the  effective  voltage  on  the  allernatlng  circuit  ia  0.707  of  the 
liirect-circuit  voltage.  If  the  rotary  converter  ia  operating  to 
convert  alternating  Into  direct  etirrent,  the  direct-circuit  voltage 
will  be  1,41  times  the  effective  allernating-circuit  voltage.  The 
efEective  current  aud  the  direct  are  in  great  degree  the  inveraa 
of  the  proportion  indicated  above.  All  losses  are  neglected  In  the 
above  general  statement.  Analogous  ratios  hold  for  polypliaso 
rotary  convertera. 

The  current  in  the  armature  of  a  rotary  converter  Is  made  up 
of  two  currents.  One  is  that  whlcli  passes  through  it  by  the  col- 
lecting ring  brushes,  the  other  is  that  which  is  induced  by  the 
poles,  and  which  is  delivered  to  the  outer  circuit  by  the  armature 
bruHhes.  The  algebraic  combination  of  these  two  eoustitutes  the 
total,  and  aa  these  two  are  generally  opposite  in  sign,  the  actual 
current  ia  small.  This  gives  a  small  armature  reaction  and  a 
small  heating  effect  in  the  coils. 

Whether  or  not  It  is  fair  to  call  the  distortion  of  the  field  of 
force  by  armature  reaction  the  cause  of  the  torque,  there  can  he 
no  electro -magnetic  torque  without  auch  reaction  and  consequent 
distortion.  The  nature  of  the  diatortion  determines  the  direction 
of  torque,  concentrating  the  lines  of  force  under  the  leading 
horns  of  the  pole  pieces. 

The  armature  windings  of  the  rotary  converter,  when  it  is  per- 
forming Its  I'uncUon  ot  conversion  of  alternating  into  direct 
current,  are  traversed  by  a  smaller  current  than  when  it  ia  oper- 
ated aa  a  direct-current  dynamo.  The  output  in  power  of  which 
It  Is  capable  in  its  different  roles,  which  is  ita  working  capacity, 
may  be  based  upon  the  current  it  can  carry  with  equal  heating 
of  the  armature  windings.  The  following  power  ratings  are  tor  a 
rotary  converter  used  in  the  functions  described; 

Continuous-  Single-  Three-  Sfi- 

Current  Phiise  Phase  Phitae 

Ocncrator.  Converter.  Convcjrler.  Converter, 

1.00  0.85  1.34  1.B6 

Rotary  Converter  In  the  Three-Wire  SyHtem.— The  Bdtson 
three-wire  system  can  be  supplied  by  a  rotary  converter  on-the 
loUowing  system,  applicable  for  a  Ihree-pba'ie  o'c\^-n6.\  icostt^A- 
9  three  secondaries  of  the  step-down  tiMiBtovoifct  aa.  ftift '^'»^^" 
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tension  circuit  are  Y-connected  (page  359).  The  free  ends  of  the 
coils  are  connected  to  the  three  collecting  rings  of  the  rotary 
converter.  The  electromotive  force  between  the  junction  of  the 
coils,  which  is  the  natural  point  of  the  Y  connection,  and  either 
of  the  armature  brushes  on  the  direct-current  commutator  is 
constant  and  equal  to  one-half  of  the  electromotive  force  between 
the  brushes.  The  neutral  wire  of  the  three-wire  system  may  be 
connected  to  the  neutral  point  of  the  Y,  the  other  two  wires  to  the 
direct-current  brushes. 

Starting  a  Rotary  Converter.—If  receiving  power  on  the 
alternating  side,  the  rotary  converter  has  to  be  brought  into  syn- 
chronism. This  can  be  very  simply  done  by  a  small  direct-current 
dynamo,  which  connected  to  the  direct-current  brushes  will  effect 
the  result,  when  the  alternating  current  can  be  substituted  by 
way  of  the  collector  ring  brushes. 

Functiona  of  a  Rotary  Converter.— This  machine  can  convert 
alternating  current  into  direct  current  or  the  reverse.  It  can  be 
used  as  a  motor  on  either  direct  current  or  alternating  current. 
It  can  be  driven  by  power,  and  deliver  either  direct  or  alternating 
power  or  both  at  once.  It  may  receive  one  kind  of  current  and 
act  as  a  motor,  and  generate  the  other  kind  of  current  simultan- 
eously. 

The  Rectifier. — The  alternating  current  rectifier  is  an  appli- 
ance for  converting  an  alternating  current  into  a  pulsating  cur- 
rent of  uniform  direction,  giving  a  series  of  half  waves  of  identi- 
cal direction.  Its  use  is  principally  for  field  excitation  of  alterna- 
tors. One  or  more  of  the  armature  coils  is  disconnected  from 
the  rest,  and  its  enc^s  are  connected  to  the  rectifier.  The  latter 
by  its  brushes  delivers  direct  pulsating  current  to  the  field  wind- 
ings, providing  field  excitation. 

The  rectifier  is  a  modification  of  commutator  and  collecting 
rings.  It  consists  of  a  drum  whose  construction  resembles  that 
of  a  commutator.  One  bar  or  division  is  provided  for  each  mag- 
net pole,  giving  an  even  number  of  bars.  The  bars  are  electrically 
connected  in  two  sets,  so  that  if  they  were  numbered  consecu- 
tively, the  odd-numbered  bars  would  be  connected  together,  and 
the  even  ones  also.  Bach  set  is  insulated  from  the  other  set,  and 
Jboth  from  the  shaft    The  rectifier  i»  moxrol^^  Wk  ^Sift  commuta- 
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:  may  be  paaaed  through 


r  shaFt  of  the  alternator  Each  set  of  bars  is  connected  to  a 
terminal  oC  the  toll  There  are  two  brushes  which  are  bo  ad- 
justPd  that  one  w  11  he  Id  contact  with  an  even-numbered  bar 
when  the  other  is  In  contact  with  an  odd  numbered  bar;  and  if 
the  tao  br  laheB  are  connertfd  then  the  alternating  current  from 
the  armature  followa  this  path  It  goei  to  one  brush,  by  a  bar  of 
one  commutator  set  pasa=H  throueh  the  wire  of  the  outer  circuit, 
including  the  magnet  coil  of  the  machine  generally  connecting 
the  brushe"*  thence  throuRh  the  other  brush  and  other  set  ot 
commutator  bar*!  to  the  original  coil 

The  entire  current  from  h 
a  rectifier     The  alternating  current  from 
the  armaf  ire  of  the  maihine  is  rectiiiel 
passes  from  one  brush   through  Its  cir 
cuit    includinE    It   raa>    be    lamps    field    ( 
magnet    of    the    alternator     and    other 
things    and   retirns  to  the  other  brush 
of  the  rectifier      From  the  other  end  of   | 
the  rectifier  the  original  alternotiug  cur 
rent  circulates  through  the  ai  mature 

A  rectified  current  may  be  used  for  di 
rect  current  operations   such  as  charging 
storage   batteries    supplying  direct  ( 
rent  lamps    etc      It  is  nc 
Isfactory   for   some   uses 
itH  pulsatory  character  ' 

A  simple  rectlfjlng  commutator  is  shown  in  the  cut,  Fig.  295. 
Two  c>llnders  cut  liivH  crown  gear  wheels  are  nested  together  as 
shown,  and  are  insulated  from  each  other  and  rotate  with  the  main 
shaft  of  the  alternator.  The  heavy  black  lines  Indicate  Insula- 
tion. One  is  connected  to  one  end  of  a  wire  from  the  armature 
colls;  the  other  to  the  other  end  of  the  same  wire.  This  wire 
may  be  an  independent  parallel  winding,  for  the  purpose  of  giv- 
ing current  to  excHe  the  field.  The  brushes  bear  one  on  one 
tooth,  the  other  on  the  next  tooth  of  the  commutator.  Wires 
from  the  brushes  go  to  the  field,  If  It  Is  to  be  excited,  and  connect 
Id  circuit  with  it.  As  (ha  current  in  the  wire  from  tt*  ■as\o:^iKfe 
cbanireB  iz?  direction,  the  rotation  ol  ftie  coD\tB.uVB.\.o^  ^i-rVwEi  *>* 


perfectly  sat 
o( 
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brushes  to  the  other  teeth.  The  effect  is  to  send  the  rectified 
current  through  the  outer  circuit. 

An  ordinary  commutator  can  be  used  with  its  bars  electrically 
connected  into  two  sets  of  alternate  bars,  each  set  insulated  from 
the  other,  provided  it  has  one  bar  for  each  field-magnet  pole. 

Operation  off  Transformers. — It  has  been  impossible  within 
the  limits  of  the  space  at  our  disposal  to  go  into  full  details  of 
the  theory  of  transformers.  Owing  to  hysteresis  and  other  factors 
the  actual  operation  of  a  transformer  is  not  so  simple  as  the  dis- 
cussion of  it  given  here  might  make  it  appear.  But  the  full 
treatment  of  the  subject  involves  the  application  of  the  higher 
mathematics  and  is  very  intricate.  The  theory  of  the  action  is 
only  given  in  outline  and  the  statements  are  subject  to -qualifica- 
tion if  the  field  of  full  investigation  is  entered  on. 


CHAPTER  XXIil. 

MANAGEMENT  OF  MOTORS  AND  DYNAMOS. 


Starting  Motors.^ — The  cui 

some  degree  of  slowness, 


he  a 


e  may  become 


electromotive 
or  less  consider- 
under  conditions 
it  would  be  per- 


After   the   motor   is   in   rapid   motion, 
force  protects   the  armature  to  an  extent  more 
able.    A  stationary  armature  will  be  burnt  out 
of  voltase  and  currenr  of  the  outer  circuit,  when 
fectly  safe  It  in  its  full  rotation. 

The  Starting  Boxea.— Protection  Is  given  in  their  starting  by 
the  use  of  resistance.  The  realatance  used  is  EPicraiiy  contained 
in  a  case  with  switch  handle  on  its  top  and  contact  points.  By 
swinging  the  handle  from  [lolnt  to  point.  ■ 
one  by  one  until  none  are  in  circuit,  and  the  t 
full  voltage  as  is  possible.  The  motor  is  started  with  all  the  | 
reaistancea  in  circuit,  and  in  series  with  the  armature,  and  they 
are  cul  out  as  described  until  the  motor  is  in  full  motion.  Re- 
aislances  cannot  be  economically  used  for  running  the  motor.    ' 

A  simple  constructian  is  shown  in  Fig.  296.  The  switch  is  an 
Arc  of  a  circle  shown  in  the  middle  of  the  cut.  When  turned 
clear  to  the  right,  the  arc  is  out  of  contact  with  any  of  the  tour 
tongues.  On  liirnlng  it  from  the  open  circuit  position,  it  first 
makes  contact  with  contact  No.  4.  which  is  connected  to  the 
line.  This  contact  is  without  effect.  It  next  makes  contact  with 
No.  3.  This  sends  the  full  current  through  the  field.  The  neit 
contact  is  No.  2.  This  sends  current  through  the  starting  coil 
and  armature,  and  the  latter  begins  to  rotate  under  the  Influence 
of  the  reduced  current.  Another  contact  remains.  No.  1.  which 
wben  made  short-circuits  the  starting  coil,  and  the  armature 
receives  the  full  working  current.  The  long  arc  keeps  all  ihe  con. 
taete  closed  when  in  the  last-deserlbed  running  position. 
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Mi^netlc  Release  StarUng  Box.— A  series  of  resistance  cotlg 
are  connected  to  a  set  of  contact  studs.  An  arm  Is  arranged  to 
swing  on  a  pivot.  In  Its  motion  Its  outer  end  moves  over  the  row 
of  studs,  making  contact  with  them  one  by  one.  Each  stud  repre- 
sents a  resistance  held  in  a  frame,  which  is  Ijaclt  of  the  face  of 
.  the  apparatus.  When  the  handle  Is  swung  to  the  left,  as  shown. 
In  Fig.  297,  all  the  resist-' 
B  are  in  series  with  each 
other.  As  the  switch  is 
'  Q  yA  moved  to  the  right,  it  cuts 

'  out  the  resistances  one  by 

one  until  none  Is  left  In  cir- 
cuit. On  the  switch  handle 
there  is  an  armature  of  soft 


Fia.  tM.— SiMPLZ  SrAKTiva  Box. 


iron,  which  when  the  resistance  la  all  cut  out  la  brought  by  the 
motion  of  the  switch  arm  directly  In  front  of  and  against  the 
,  poles  of  an  electro-magnet.  This  magnet  la  secured  to  the  face 
if  the  box,  and  Is  connected  so  as  to  receive  part  or  all  of  the 
iirrent  received  by  the  motor. 

A  spring  Is  arranged  to  pull  the  switch  arm  away  from  the 
agnet  end  across  the  face  of  th«  bo^  Vo  \.ti«  v^^^^^ni  vhere  the 
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rrent  la  entirely  cut  out,  where  It  strikes  a.  atud  and  has  Its 
jtion  arrested.    The  attraction  ot  the  magnet  lor  the  armature 

great  enough  to  hold  it  against  the  pull  of  the  spring.  It  the 
Itage  of  the  circuit  should  Increase,  and  thus  produce  a 
id,  automatic  cut-outs  or  fuses  would  presumably  open  the  cir- 
it.  The  current  would  cease  to  excite  the  magnet,  and  the 
mature  would  no  longer  be  attracted  by  it;   the  handle  would 

oft  to  the  other  end  of  its  arc  and  come  to  rest  with  the  motor 
'cuit  open.  When  the  circuit  breaker  was  replaced,  new  fuses 
t  in,  or  in  general  terms  when  current  was  again  turned  o 
B  motor  would  be  cut  off  and  would  only  start  by  tte  regular 
3cees  of  moving  the  startlng-hox  arm  across  the  resistance 
itacts  to  the  no-reelstance  running  point.     It  the  starting  box 


3.  Saa.— DiAOBiM  lib'  Startinu-Bo.x  Cc 


not  provided  with  the  feature  described,  the  current  when 
med  on  again  would  be  apt  to  burn  out  the  motor  armature, 
less  some  one  had  had  the  thought  fulness  to  turn  off  the  switch 
m.  Various  constructions  and  arrangements  are  possible  to 
rry  out  this  principle. 

Stortlng-Box  Connection .^Tbe  starting  box  is  placed  in  series 
th  the  armalure.  The  field  if  shunt-wound  receives  the  full 
rrent  which  it  is  capable  of  passing;  IE  compound-wound,  the 
imt  winding  receives  its  full  current,  the  series  winding  re- 
ives the  current  diminished  by  the  starting-box  resistances, 
lose  act  upon  the  entire  armature  current,  but  only  on  part  of 
B  field  current  Id  compound-wound  machines.  Va  ?\?,.  t.'i'i  ■&  \'!. 
t  gtartlDg  box,  S  is  the  Biiant  coll,  and  A.  Va  ftia  mtsmX-mss  a'*-  'Co» 


400  ELECTRICIANS'   HANDY   BOOK. 

motor.  The  switch  handle  is  horizontal  when  the  motor  is  idle. 
It  is  turned  clockwise.  It  connects  the  field  first;  then  keeping 
this  connected,  current  is  passed  through  all  the  coils  in  series 
and  the  armature.  Then  the  coils  are  cut  out  one  by  one  as  the 
handle  is  turned  until  the  full  current  passes. 

Changing  Voltage,— It  is  often  desirable  to  transmit  electric 
power  at  one  voltage  and  transform  it  before  use  to  another  volt- 
age. For  direct  current  this  is  done  by  a  machine  called  a  motor 
transformer,  motor  dynamo,  or  dynamotor. 

A  Motor  Transformer  is  a  combined  motor  and  generator.  It 
ha^  a  single  field  magnet  or  set  of  field  magnets,  and  a  single 
armature  is  mounted  in  their  field.  The  armature  has  two  inde- 
pendent windings  and  a  commutator  for  each  winding;  each 
commutator  has  its  pair  of  brushes.  Generally,  the  two  com- 
HKitators  are  placed  at  opposite  ends  of  the  armature. 

Action  of  tlie  Motor  Transformer. — The  current  from  the 
original  station  passes  through  one  of  the  armature  windings  and 
through  the  field  coils.  The  terminals  of  the  line  are  connected 
to  one  of  the  pairs  of  brushes.  The  machine,  as  far  as  this 
current  and  connection  are  concerned,  is  a  motor,  and  its  arma- 
ture rotates.  As  the  armature  rotates,  it  carries  the  other  inde- 
pendent  winding  around,  and  electromotive  force  is  impressed 
upon  it.  A  circuit  connected  to  its  brushes  has  electromotive 
force  impressed  upon  it,  and  if  closed  has  a  current  induced. 

One  of  the  independent  windings  is  of  a  greater  number  of 
turns  than  those  of  the  other  winding.  To  decrease  the  electro- 
motive force,  the  winding  of  the  greatest  number  of  turns  is  used 
as  the  motor  winding,  and  its  brushes  are  connected  to  the  actu- 
ating circuit.  To  increase  the  electromotive  force,  the  winding 
of  fewest  turns  is  the  motor  winding. 

The  relation  of  the  original  ele9tromotive  force  to  that  im- 
pressed upon  the  second  circuit  by  the  generating  coil  is  deter- 
mined by  the  relation  of  the  turns  in  the  one  winding  to  those 
in  the  second  winding.  The  cross-sectional  area  of  the  wires  of 
the  two  windings  is  inversely  proportional  to  the  voltage  ex- 
pended on  the  first  coil  and  impressed  on  the  first  one. 

Step'Down  and  Step-Up  Transformation.— A  long  fine  wire  of 
many  turns  in  the  first  coil  and  a  s\vot\.  WvV^SV^Vc.^.otfew  turns 
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la  the  second  coil  give  a  diminution  ot  voltage  and  an  increase 
of  possible  amperage.  This  is  a  step-down  transformer.  A 
Short  thick  wire  o!  tew  turns  in  the  first  eoil  and  a  long  thin 
one  of  many  turns  in  the  second  coil  has  the  reverse  effect,  and 
the  comhination  is  that  of  a  step-up  transformer. 

For  the  first  coll  the  machine  Is  a  motor,  tor  the  second  It  is  a 
dynamo.  The  first  coll  is  the  primary  and  the  other  the  second- 
ary. In  operation  the  primary  coil  passes  a  current  actuated  by 
the  voltage  from  the  station.  Electromotive  force  is  impresBed 
upon  the  other  coll,  and  any  current  up  to  the  current-carrying 
capacity  oC  the  secondary  wire,  multiplied  by  the  number  of 
leads  in  parallel  in  it,  may  ha  taken  from  the  brushes  ot  what 
may  be  I'alled   the  secondary  commutator. 

Hotor  Transformer  Practice.— Motor  transformers  may  be  dla- 
tributed  all  through  a  district.  The  current  may  be  generated 
at  a  distant  source,  by  water  power  for  Instance,  and  sent  by 
several  thousand  volts  potential  through  a  small  and  conse- 
quently cheap  wire  circuit  to  any  desired  points  fn  the  district  to 
be  supplied.  Or  it  may  be  sent  to  a  single  centrally-located  Irans- 
tonnlng  station  In  the  heart  o(  the  district  Here  it  may  actuate 
any  number  of  motor  tranaformers,  and  independent  circuits  can 
be  taken  off  from  each.  These  circuits  radiating  through  tlie 
dlatrlct  will  supply  electric  power  most  advantageously  at  low 
VoltaKe. 

Tbe  Economy  of  Hotor  Trsosformers  running  at  full  load  ex- 
ceedB  90  per  cent.  They  are  cheaply  run  as  regards  maintenance 
The  commutators  need  attention  and  ultimate  replacement.  New 
brushrs  have  to  be  put  on  when  the  old  ones  are  too  far  gone  to 
yield  to  trimming  and  adjustment.  The  great  expense  is  the 
peraonal  attendance  required.  A  moving  machiue  should  not  be 
left  TvithoiYt  someone  to  look  after  it.  It  needs  attention  some- 
tlmes,  even  if  it  runs  for  hours  without  being  touched.  When 
attention  is  needed,  il  is  apt  to  be  rather  urgent.  A  little  aeglect 
may  lead  to  extensive  Injury. 

The  eMiense  of  the  labor  item  represented  by  the  cost  of  the 
attendami  workmen  or  engineers  has  operated  lo  restrict  the 
Introduction  of  these  machines.  In  Europe  the  system  has  been 
quite  exii^nsively  employed. 


ff 


402 


ELECTRICIANS'    HANDY   BOOK. 


r 


The  other  items  of  expense  connected  with  it  are  estimated 
as  considerably  less  than  the  interest  and  depreciation  and 
energy  loss  charges  in  the  direct-current  low-potential  distribu- 
tion from  a  distance.  Where  it  is  possible  to  concentrate  the 
transforming  under  one  roof  In  the  heart  of  a  district,  the  condi- 
tions are  most  favorable  for  its  employment. 

Parallel  Coupling  of  Dynamos. — Dynamos  have  to  be  coupled 
in  parallel  when  the  current  to  be  sent  out  from  a  station  ex- 
ceeds the  capacity  of  one  dynamo.    When  the  current  approaches 

the  capacity  of  a  single  generator, 
if  it  seems  probable  that  more  cur- 
rent is  to  be  required,  a  second 
dynamo  must  be  connected  in 
parallel  with  the  other.  It  i& 
necessary  also  when  the  dynamo 
is  to  be  replaced  by  another  with- 
out interrupting  the  current. 

Parallel     Coupling    of     Shunt 
Dynamos  is  shown  in  diagram  in 
Fig.    299,  in  which   the   dynamos 
connected  from  bus-bar  to  bus-bar 
have  their  armatures  indicated  by 
Ai  As,  the  shunt  coils   by   Si  S2, 
and  the  switches  in  the  leads  to 
the  bus-bars  by  Bi  B..     To  throw 
a  dynamo  in,  it  is  brought  up  by 
use  of  the  field  rheostat  to  a  volt- 
age two  or  three  volts  over  that 
of  the  system,  its  main  switch  B 
being  open.    When  the  voltage  is  attained,  the  main  switch  is 
closed.    A  voltmeter  not  shown  in  the  cut  is  connected  to  the 
armature  brushes  or  to  the  conductors  near  thereto. 

Parallel  Coupling  of  Compound  Dynamos.— The  general  con- 
nections are  shown  in  the  diagram.  Fig.  300.    A^  A,  are  the  arma- 
tures, Si  S.  the  shunt  coils,  Fj  Fo  the  series  coils,  B,  C,  and  D 
are  the  switches.    P  Q  is  the  eci\ia\V2.eT.    T\\^^^  are  supposed  to  be 
provided  also  with  voltmetera,  amm^l^T^,  a\i^  x\i^ck^\a.\.^  \syt  ^^^^ 
sliunt  coils. 


Pig.  299.— Shunt  Dynamos  in 

PABAIiliELS. 
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The  operation  of  starting  a  dynamo  in  parallel  Is  thus  con- 
ducted: The  switch  D  is  closed.  The  machine  to  be  thrown 
into  parallel  is  started  and  regulated  by  speed  and  field  excitation 
until  its  potential  is  one  or  two  volts  lower  than  that  of  the 
machine  already  working.  Then  the  switch  B  appertaining  to 
the  new  machine,  and  which  has  hitherto  been  open,  is  closed. 

To  throw  out  of  action  a  machine  running  in  parallel  with 
another,*  the  field  excitation  is  reduced  by  the  rheostat  on  the 
shunt  coil  until  the  load  is  only  a  few  amperes.  If  this  does  not 
bring  down  the  current  enough,  its  speed  of  rotation  may  be  re- 


FiG.  300.— Compound  Dynamo  in  PARALLEii. 


duced.    Then  the  main  switch  B  is  opened  and  next  the  switch  D 

on  the  equalizing  wire. 
Trouble  may  follow  from  a  machine  accidentally  stopping,  as 

by  a  belt  breaking.  The  machine  thus  freed  of  its  load  may  take 
>  current  from  the  other  one,  and  begin  to  work  as  a  motor.  In 
,  each  machine's  circuit  an  underload  circuit  breaker  should  be 
\    included,  which   will  break  the  circuit  and  prevewl  Wve.  xcvSiNiJk^ 


action. 


f     Shunt-  Wound  Flachlnes  In  Series.— TYiese  dyiv^TCLCk^  «.\^  ^orssve- 
times  connected  in  series.     The  only  object  ot  l\i\a  e^TLXL^^'Oi.o^  N 
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to  increase  potential.  The  current  capacity  of  the  two  will  be 
limited  to  that  of  the  smaller  one.  Thus  the  two  may  have  less 
current  output  than  one.  The  potential  is  equal  to  the  sum  of 
the  potentials  of  the  two  machines. 

Reversal  off  Direction  of  Armature  Rotation. — The  diagrams, 
Figs.  301  and  302,  show  how  the  connections  of  a  dynamo  must 
be  reversed  to  change  the  direction  of  rotation  of  the  armature  of 
a  series- wound  machine.  The  diagrams  represent  a'  bipolar, 
shunt-wound  dynamo.  A  and  B  are  the  field  coils,  and  R  is  the 
regulating  rheostat.  The  brushes  are  changed  in  position  so  as 
to  give  the  reverse  lead,  and  their  connections  are  changed  so 
as  to  connect  them  in  the  reverse  sense  with  the  two  field  coils. 


t 

I 

^^ 

B 

1 

"^^ 

A  i 
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Figs.  301  and  302.— Bbversal  of  Direction  of  Armatubk  Rotation. 


This  throws  the  rheostat  out,  so  its  connections  have  also  to  be 
reversed.     The  two  cuts  are  self-explanatory. 

If  the  dynamo  is  separately  excited,  simply  reversing  the  con- 
nections from  the  exciter  will  effect  the  requisite  alteration  ol 
direction  of  armature  rotation.  This  may  be  of  special  use  in 
installations  where  polarity  or  direction  of  current  is  the  critical 
point  in  operation.  Such  are  storage-battery  charging  plants, 
electro-plating  works,  and  direct-current  arc  lamp  systems.  Id 
the  latter  the  upper  carbon  must  be  the  positive  one.  Otherwise, 
the  greater  portion  of  the  light  is  radiated  upward. 

Polarity  Tests. — Blue  litmus  paper  moistened  and  held  againsi 

the  positive  wire  gives  a  red  color.     Paper  dipped  in  potassium 

Jodlde  solution   gives  a  black  color  at  the  same  pole.     Papei 

dipped  in  a  solution  of  starch  coiiX.aVmii%  «.  WXiOa  ^o^^aium  iodid< 


MANAGEMENT    OF    MOTORS    AND    DYNAMOS. 


405 


dissolved  in  it  gives  a.  blue  color.  Other  test  apparatus  and 
appliances  are  on  the  market. 

Alternators  In  Step. — lu  running  alternatore  in  parallel, 
not  only  has  tb?  potential  to  he  kept  the  same  for  all  the  ma- 
cbinea.  but  the  freaueiicy  of  alternations  or  number  of  periods 
per  second  mu^t  be  the  same,  and  the  machines  must  be  in  phase 
with  each  other.  In  IhrowInR  an  extra  machine  into  action  in 
parallel  with  one  or  more  running  machines,  all  these  three  fac- 
tors have  to  be  kept  in  view.  The  potential  is  brought  up  to  the 
'right  point  by  changing  the  excitation  of  the  field  magnets:  the 
frequency  ol  alternations  is  brought  to  the  proper  point  hy 
changing  the  speed. 

Synchronizing.— Two  transformers,  T,,  T,.  Fig.  303,  have  their 


I 
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necondaries  connected  in  series,  one  lead  may  include  a  voltmeter, 
tbe  other  an  incaadescent  lamp,  L.  The  primary  of  one  of  the' 
transformers  is  connected  to  the  terminals  of  one  machine  or  else 
directly  across  the  bus-bars;  the  primary  of  the  other  Is  con- 
nected to  the  terminalf  of  the  machine  which  is  to  be  thrown 
Into  action,  it  the  new  machine,  B,  is  operating  in  synchronism 
with  the  system  or  with  machine  A,  the  two  transformers  will 
co-operate  in  lighiing  the  lamp.  As  the  new  machine  is  started, 
the  lamps  are  Sighted  by  the  combined  effect  of  the  two  ma- 
cbineB.  The  new  machine  is  speeded  up  by  turning  on.  ^fs-jifit, 
and  as  the  freouency  of  the  machines  a,p9Tcra.cU«%  etvaftWi.-^  ■  '<fc* 
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light  of  the  lamp  begins  to  vary  In  brightness.  At  first  the 
variations  are  very  quick  in  following  each  other.  As  the  hith- 
erto idle  dynamo  is  speeded  up,  the  frequency  of  its  phases 
increases  and  approaches  closer  to  that  of  the  other  machine. 
The  lamps  now  vary  more  slowly,  rising  and  falling  regularly. 
The  rising  and  falling  grows  slower  and  slower  until  a  point  is 
reached  where  it  ceases  and  the  lamps  burn  steadily.  Meanwhile 
the  voltage  must  have  been  kept  right  by  adjusting  the  excitation 
of  dynamo  B.  The  voltmeter,  not  shown  in  the  diagram,  is  used 
to  direct  this.  At  the  instant  when  the  lamp  burns  steadily 
the  switches  S2  are  closed,  throwing  the  machine  into  the  work- 
ing circuit.  Its  voltage  must  be  as  nearly  as  possible  that  of  the 
circuit  when  the  switch  is  closed. 

The  parallel  working  of  alternators  is  made  possible  by  the 
following  fact:  When  running  in  phase  with  each  other,  alterna- 
tors tend  to  preserve  their  phase  relation,  or  to  run  in  synchron- 
ism. If  one  has  a  tendency  to  change  its  synchronism,  reaction 
with  the  other  pulls  it  up. 

Regulators  or  Boosters.— The  potential  given  by  a  primary  or 
secondary  battery  is  increased  by  placing  extra  cells  in  series. 
In  the  secondary  battery  these  are  called  end  cells.  If  a  dynamo 
gives  insuflBcient  voltage,  an  extra  dynamo  may  be  placed  in 
series  with  it  to  add  to  the  voltage.  The  second  dynamo  is 
called  a  regulator,  compensator,  and  less  elegantly  but  far  more 
frequently,  a  booster. 

The  ways  of  arranging  booster  circuits  either  with  or  without 
storage  battery  are  numerous,  and  are  subjects  of  a  number  of 
patents. 

Booster  Connections.— A  very  usual  method  of  connection  is  to 
place  smaller  dynamos  as  boosters  upon  the  Various  feeders  as 
required.     The   principal   current   is   supplied   by   one    or  more 
dynamos   running  at  constant  voltage,  which   is  the  minimum 
required.     From  this  dynamo  the  lines  run  directly  to  the  bus- 
bars.    From  one  bus-bar  the  feeders  are  led  directly  to  the  dis- 
trict.    From  the  other  bus-bar  leads  run  to  one  set  of  terminals 
of  smaller  dynamos,  and  the  ot^vex  leimmaX^  oi  VXv^Oi  dynamos 
are  connected   to   the  other   leads  ot  l\ve  l^fe^^x^.    T^aa  ^^asi^jst 
dynamos  are  the  boosters. 
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The  cut,  Fig.  304.  shows  a  typical  arrangpinent.   Tfie  principal 
dynamo  is  shown  at  D,  and  B  and  B  are  the  feeiier  dynamos  or 
boOHters.     The  armatures  o!  the  dynamos  B  and  B  may  he  in 
aeries  each  with  its  own  feeder.     In  such  case  the  fields  are  sepa- 
rately  excited.     Often  current   Is   taken   from   the  main   dynamo 
for   this   purpose.     On   varying   this   current   hy   a   rheostat,   the 
intensity  ot  field  and  conaeqiient  electromotive  force  given  by 
the  boo&ters  are  made  to  vary.     The  main  generator  has  to  pro- 
duce the  full  current  and  more  than  one  hundred   (two-wire  uya- 
tem)    or   two   hundred    (three-wire   system)    volta    electromotive      1 
force;  the  boosters  have  lo  pass  only  a  fraction  each  of  the  full 
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current,  and  Impress  a  few  volts  electromotive  force  on  the  cir- 
cuit.   Thetr  armature  resistance  may  be  quite  low.                             ' 
Hand  ReEulation   ol    Booster  .—The  boosters  have  to  be  regu-      ^ 
lated  BO  as  to  add  more  or  less  potential  to  that  of  the  system      , 
In  accordance  with  the  RI  drop.     The  Held  of  the  boosters  may 
be  excited  by  Independent  dynamos,  and  the  field  current  in  the 
boosters   can  he   increased   or  diminished   by   rheostats  or  other 
appliances.     Thus  a   rheostat   may   be   placed   in   series   with   the 
field  of  the  booster,  and  may  be  used  to  let  more  or  less  current 
flow  through  its  coils,  or  the  exciting  dynamo  ma^  t-a -tfet'oN*.^*' 
by  its  own   aeld  rheostat  so  as   to   give  mote  ot  \esa  cwft^rA  ■«» 
;  ae  boaster's  fields.     The   operative   has  to    6\iW^-  ^^'^  ""■^Tf^ 
■^aie  from  time  to  time  or  otherwise  mo4My  Ov«?^<^'^*-  ««^^^ 
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of  the  booster  to  suit  the  requirements  of  the  supply  for  the 
district. 

To  carry  out  the  hand  regulating  system,  the  armature  of  the 
booster  is  connected  in  series  with  the  feeder  line  which  it  regu- 
lates. The  feeder  is  connected  directly  to  the  brushes,  and  the 
armature  in  its  separately-excited  field  is  driven  by  the  engine. 

Automatic  Regulation  of  Boosters. — The  regulation  of  the  po- 
tential added  to  the  circuit  by  boosters  can  be  made  automatic 
as  well  as  very  accurate  by  winding  their  fields  and  armatures  in 
series  with  each  other  and  connecting  them  in  the  feeder  circuit. 
The  feeder  current  goes  through  both  field  and  armature.  As 
the  current  increases,  the  series-wound  booster  responds,  because 
of  the  increased  current  in  its  field.  Its  field  excitation  grows 
with  the  current,  and  a  higher  potential  is  developed.  As  cur- 
rent is  diminished  less  goes  through  the  field-magnet  windings  of 
the  boosters,  and  they  give  a  lower  voltage. 

By  modifying  the  field  windings  of  the  boosters,  all  sorts  of 
efl!ects  c^n  be  secured,  some  analogous  to  those  due  to  over- 
compounding.  The  feeders  in  the  district  connect  with  mains, 
and  these  with  leads.  As  current  increases,  the  drop  on  the 
feeders  is  not  all  that  is  decreased.  The  mains  and  leads  also 
feel  the  loss  in  potential.  The  boosters  can  be  so  proportioned  as 
to  give  some  volts  more  than  those  of  the  drop  on  their  respective 
feeders,  so  as  to  take  care  of  the  mains  and  leads  also.  If  the 
drops  on  the  feeder  at  maximum  load  were  three  volts,  there 
might  be  one  or  two  volts  additional  drop  beyond  the  point  of 
attachment  of  the  feeder  among  the  leads  of  the  system.  It 
is  often  advisable  to  give  more  potential  increase  within  the 
feeder  than  its  own  drop,  to  compensate  for  the  drop  beyond  it. 
It  is  a  sort  of  over-compensating.  This  may  apply  to  any  feeder 
system. 

Booster  Construction. — The  booster  to  act  as  described  needs 
a  high  range  of  adaptability  and  power  of  varying  its  field 
strength.  It  may  be  said  to  require  flexibility  of  action.  The 
main  point  is  to  give  it  large  field  cores,  so  that  the  iron  of  the 
cores  will  never  approach  saturation,  or  else  to  have  fewer  turns 
\than  usual  in  the  field  coil. 
Jlotor  Dynamos  as  Boosters* — TY^e  e>\TT^Tv>L  iTCixa.  ^  ^T^v^^osft 
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may  be  used  to  actuate  a  motor  dynamo,  and  the  current  from 
the  generating  coIIb  ot  the  latter  may  be  used  aa  a  booster  cur- 
rent. Tiie  motor  dynamo  Is  practically  a  dynamo  driven  by  an 
electric  motor.  The  current  from  the  station  dynamo  would 
pass  through  the  motor  to  the  feeders  and  mains  of  the  system. 
The  subsidiary  dynamo  driven  by  the  motor  would  be  connected 
to  the  feeders.  As  the  line  drew  upon  the  station  dynamo  for 
raore  current,  the  motor  would  turn  faster,  because  more  cur- 
rent would  go  through  its  coils.  This  would  cause  the  subBt- 
diary  dynamo  to  rotate  faster  and  to  impress  more  eleciromotive 
force  upon  the  system.  This  system  would  contain  the  automatic 
regulating  feature. 

Nowhere  in  the  Held  of  electric  engineering  does  the  inter- 


FlO.  305.— BqOiLIMHQ  dynamob  ih  ihrei-Wisb  Systmi. 


J  changeability  of  dynamo  and  motor  appear  more  clearly  than  in 
t^  the  uses  of  dynamos  now  being  described.  Their  application  to 
|(  regulating  ilgbting  circuits  is  comparable  to  that  of  storage  ba^ 
|P  ^  teriea,  sucti  application  being  based  on  the  double  rflle  which  such 
'!  I  machines  can  play,  at  one  time  taking  power  from  the  system  and 
.  acting  as  motors,  at  another  time  giving  power  to  the  system  and 
I      acting  as  dynamos. 

Compensators,— This  word  has  been  used  as  a  synonym  for 
booHters.  When  a  purely  compensating  action,  and  not  a  dla- 
tlnctfvely  intensifying  action,  is  performed,  it  is  specially  appro- 
(  prlate.  The  diagram.  Fig.  306.  shows  the  use  ot  compensatora 
on  a  three-wire  system.  The  compensators  B  C  are  shunt-wouniJ 
_  dynamos,  coupled  together  mechanically,  go  that  they  rotate  at 
the  aame  speed.  They  are  connected  acrosB  l\ift  'i.i*.«TO.,  «wSi- 
iyjtBtoo  being  between  the  neutral  and  an  ou\.a\4.«i  -^^t*. 
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In  parallel  with  them,  and  between  them  and  the  main  dynamo 
A,  a  resistance  F  G  is  placed  across  the  outside  leads.  The 
neutral  wire  does  not  extend  back  of  the  compensators;  it  runs 
from  between  them  out  to  the  system  of  distribution;  there  are 
only  two  leads  from  the  main  generating  system. 

The  resistance  is  so  arranged  that  but  a  slight  current  flows 
through  the  dynamos  when  the  two  leads  are  equally  loaded. 
If  by  extinguishment  of  lamps  or  other  appliances  the  wires  re- 
ceive unequal  current,  the  compensator  connected  to  the  wire 
carrying  the  lighter  current  acts  as  a  motor.  Turning  under  the 
influence  of  the  current,  it  drives  the  other  dynamo  and  gener- 
ates current  for  the  other  more  heavily  loaded  line. 

Floating    Battery* — Boosters  are  often  operated   in   conjunc- 


T     9  L Y     ^^ 


B 


Fig.  306.— Floating  Battery. 


tion  with  storage  batteries.  A  storage  battery  connected  across 
the  two  or  three  leads  of  a  system,  as  shown  in  Fig.  306,  is 
termed  a  "floating  battery."  It  works  automatically.  When  the 
voltage  of  the  system  tends  to  rise  because  of  small  consumption 
of  current,  the  battery  receives  current  and  is  charged  from  the 
main  dynamos.  When  the  district  needs  a  heavy  current,  the 
battery  discharges  into  the  leads  and  assists  the  dynamos. 

This  arrangement  is  the  simplest,  and  is  supposed  to  work 
automatically.  An  auxiliary  dynamo  or  booster  is  generally 
used  to  assist  the  regulation.  It  acts  to  raise  and  lower  the 
voltage  of  the  system. 

Booster  and    Storage    Battery    Connections    are    shown   in 

Figs.  307,  308,  and  309.     In  Fig.  307  G  is  the  station  dynamo,  B 

is  a  seWes- wound  booster,  S  \nd\cM.iTiS  its  series  coil;  E  is  the 

storage  battery  and  MM  Indicate  moVox^  m  ^^  ^\%\x\sX..    k^ 

normal  load  the  generator  suppUe^  ^u^l  tw^  ^^^^^  TTi^l^l 

^olta^e  of  the  battery  is  equal  to  aiid  oppo^^^  ^^  ^^^'^  ^^  ^^^^^^^ 
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aud  no  current  go^s  through  the  field  S  of  the  booster,  and  the 
booster  voltage  Is  aero.  When  the  load  Increases  and  more  cur- 
reut  is  taken  from  the  station  dynamo  G,  the  voltage  of  the  sys- 
tem falls  a  little,  the  battery  begins  to  discharge  through  the 
Held  S  of  the  booster,  and  the  latter  adds  electromotive  force  to 
the  Bystem,  If  all  is  in  proper  proportion,  the  electromotive 
force  added  will  be  just  enough  to  compensate  for  the  drop  due 
to  the  loss  of  potential  of  the  main  generator.  The  battery  dis- 
ctiarg«s  through  field  and  armature  of  the  booster,  and  the  latter 


Fig.  307.  -  Boost  e  a  and  Btoii; 


CONNBCTION. 


having  its  field  excited  with 
battery's  discharge,  adds  Its 
If  the  voltage  In  the  oute 
this  holds  back  the  battery 
Inactive,   and   the   booster 
voltage 


irrent  with  the  polarity  due  to  the 

oltage  to  that  of  the  battery. 

circuit  due  to  the  generator  rises, 

and  the  booster  fi^ld  becomes 

eases  to  generate  current.     As  the 

rises  still  further,  it  exceeds  that  of 


the  storage  battery,  and  a  charging  current  flows.  This  "ener-  j 
glzes,"  as  it  is  called,  the  field  of  the  booster,  but  with  opposite  I 
polarity  to  ths  original,  so  that  now  it  acts  to  help  charge  th«  } 
battery. 
TMe  whole  arrangement  works  Uke  a  &08.\.\a!&  AiaXl^TS  -  '^^^ 
boeater  rela forces  the  action  ol  the  tatlex-s .    "^^  «^«3  '^*^  ^B^Ta*'^  ■ 
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floating  booster.     The  syetem  can  only  be  used  where  voltc^e 
falls  with  load  increase. 
In  Pig.  308  a  compound- wound  booster  B  Is  supposed  to  be 


7ia.  30S.— BOOSTSR 


STOBAOa  BiTTHRT  CONNBOnOK. 


employed  and  is  connected  as  shown.  At  normal  load  the  exclta- 
tlMi  oC  the  series  field  S  is  equal  to  that  of  the  shunt  field  +, 
These  two  Held  colls  are  oppositely  wound,  so  that  they  counter- 


Fia.SQB.  -STORiOB  BATTBHT'  and  BOOSTBB  CONNBCnOH. 


act  each  other  under  this  condition,  and  the  booster  generates 

no  current.     If  the  estemal  load   is  increased  by  more  power 

•e/aff  taken  In  the  district,  the  series  field  coil  S  of  the  booster 

VvceJrea  more  current  than  tbe  atMiit  coW,  Mii  tti*  ijiepoDder- 
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ance  excites  the  booster,  so  as  to  cause  it  to  generate  current  in 
direction  the  same  aa  that  ot  the  battery  current.  The  booster 
and  battery  now  add  to  the  voltage  of  the  line. 

If  the  external  load  deereasea,  the  series  coil  gets  less  current  ' 
than  the  oppositely -wound  shunt  coll.  The  polarity  of  the  field 
of  the  booster  is  thus  the  reverbe  of  what  it  was.  The  booster 
sends  current  into  the  batten   and  charges  it. 

In  the  two  last  arrangements  the  booster  and  storage  battery 
are  In  series  with  each  other  The  next  cut,  Fig.  309.  shows  a 
booster  B  with  shunt  fleld  coil  /  and  series  field  coil  S  opposed  to 
each  other  In  winding  but  with  the  storage  battery  in  parallel 
■with  generator  and  motors  while  the  booster  is  on  one  of  the 
leads  between  battery  and  generator  The  booster  \oltage  is 
added  direct];  to  the  generator  voltage  At  normal  load  the 
magnet  (nation  ot  the  bbunt  coll  ;■  eyceeds  that  of  the  aeries  coll 
S,  and  the  electromotive  forte  of  the  booster  is  of  the  same  polar 
ity  as  that  of  the  generator  so  that  it  reinforces  the  current 
due  to  the  generator  The  batterj  is  of  such  nnmber  of  couples 
that  its  normal  voltage  is  equal  to  that  ot  the  sum  of  the  genera- 
tor and  booster  voltages  If  an  excess  load  comes  on  the  system 
more  current  flows  through  the  line  and  consequently  through 
the  series  coil  S  This  coll  works  against  the  shunt  coil  f 
Therefore  the  voltage  of  the  booster  is  diminished  and  the  bat 
tery  discharges  on  the  line  and  takes  up  lis  share  of  the  work 
On  decrease  of  load  the  fleld  due  to  /  preponderates  and  the 
booster  Increases  the  voltage  on  the  line  until  at  low  enough 
load  thia  voltage  exceeds  that  of  the  battery  and  the  battery 
receives  a  charge 

Crushers. — This  term  is  sometimes  applied  to  a  motor  used  to 
reduce  the  potential  on  a  feeder  line.  Assume  that  there  are 
several  feeders  running  out  from  a  station,  and  that  sorae  re- 
quire higher  potential  than  others.  The  main  dynamo  can  be 
run  so  aa  to  give  a  higher  electromotive  force  than  that  required 
by  some  feeders.  On  such  feeder  lines  a  motor  would  he  -placed 
which  would  absorb  the  extra  voltage.  The  main  generator's 
voltage  would  be  lower  than  that  required  by  other  feeders,  and 
on  these  feeders  boosters  would  he  placed,  which  la  "utwAe.  «!  ^^ 
woald  be  driven  by  the   motor.     Tte  \6.W«  -^avSift.  >i«i  * 
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80  VOLT 
ARMATURE 


120  VOLT 
ARMATURE 


B 


40  VOLT 
ARMATURE 


"crusher."  The  term  is  inelegant,  and  something  better  should 
be  found  for  it.  The  same  is  to  be  said  for  booster.  Abbott 
applies  the  term  compensator  so  as  td  include  all  such  appli- 
ances. 

The  Crocker- Wheeler  System  of  Speed  Control  is  especially 
designed  for  use  in  machine  shops.  It  utilizes  three  dynamos, 
A,  B,  and  C,  Fig.  310,  connected  in  series  and  with  the  three  arma- 
tures on  one  shaft.  The  three  armatures  are  practically  con- 
nected in  series  across  the  circuit. 

Suppose  the  circuit  to  have  a  potential  difference  of  240  volts. 

Then  the  three  armatures 
are  wound  for  40,  120,  and 
80  volts  respectively.  Four 
leads  are  taken  from  the  ma- 
chines. One  is  at  one  end, 
another  at  the  other  end, 
and  two  intermediate  ones 
are  taken  from  between  the 
machines.  These  leads  are 
carried  through  the  shop 
.Wiiere  power  is  to  be  uti- 
lized. The  speed  of  the 
motors  driven  is  regulated 
by  changing  the  voltage  ab- 
sorbed by  them.  A  two- 
wire  power  lead  of  definite 
voltage    is    by    the    rotary 


* 80-VOL-T8- 


-200  V0LT8- 


-120  V0LT8- 


-leOVOUTS-^^ 


' ' 240  V0LT.8 — ' 


-40  V0LT8- 


FiG.  310.— Crockhb-WheeTi^r  Multiple 
Voi/TAOB  Speed  Control. 


transformers  converted  into  a  four-wire  system. 

It  will  be  noticed  that  the  machines  vary  in  voltage,  and  that 

the  machine  of  highest  voltage  is  placed   between  the  others. 

The  object  of  this  will  be  seen.    If  a  machine  is  to  be  run  slowly, 

its  terminals  are  connected  across  the  40-volt  leads.    The  next 

degree  is  the  80-volt,  and  then  the  120-volt  lead.    Each  of  these 

I    voltages  can  be  taken  off  a  single  machine.    Next  the  40-volt  anc 

f  120-volt  machines  can  be  put  in  aexies,  ^Witis  160  volts,  then  th( 

120  and  80  voJts,  giving  200  volts,  ai^^  ^itv^lWj  2\\  XX^lx^^^  T£sa.^sfe:\\\sj 

to  series,  giving  240  volts. 

^^8  gives  six  voltages.    TUe  tool  to  \ie  ^tvi^tiNa^^^-hV^^^^nj^-^ 
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its  own  motor,  controller,  and  resistance  coil.  The  six  voltages 
give  six  speeds.  Each  voltage  can  be  modified  in  its  action  by 
the  resistance  coil.  Thus  twelve  speeds  are  obtained  by  a  single 
resistance  coil  added  to  the  four-wire  system. 

Any  motor  can  be  caused  to  vary  in  speed  within  certain  limits 
by  the  use  of  a  rheostat,  which  changes  the  current  received  by 
it.  A  motor  with  the  rheostat  control  superadded  to  the  multiple 
voltage  control  can  be  made  to  vary  in  speed  by  so  many  degrees 
of  change  as  to  work  almost  by  insensible  gradations.  The  rheo- 
stat takes  the  place  of  the  resistance  coil  spoken  of  above. 

Accidents  to  Motors. — There  are  two  principal  causes  of  acci- 
dents. One  is  the  burning  out  of  the  armature.  This  is  guarded 
against  by  giving  current  slowly,  by  the  use  of  a  rheostat  or 
starting  box.  The  other  is  destruction  of  the  armature  windings 
by  too  high  speed.  A  run-away  motor  may  have  the  binding 
y  wires  on  the  armature  break  by  centrifugal  force  acting  on  the 
^"Windings.  The  latter  are  then  driven  against  the  pole  faces, 
^Wrecking  the  machine.    Too  high  speed  should  be  guarded  against 
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tbc  OirectifMi  mi   CMict  m  m  direct-cnr 
nfljDO  or  of  mooon  in  tlie  same  type  of  motor  is  effected  h} 
ins  tbe  armature  oonnectionfi.    Has  leFerses  tbe  polarit: 
core,  and  causes  it  to  be  subject  to  toi^qne  in  tlie  rerers 
tion.     If  metal  brosbes  or  oonsidaably  inclined  carbon 
are  used,  tbeir  direction  of  inclination  or  '^imke^  shoulc 
Tersed,  to  prevent  tbe  ends  fran  cairbins  on  the  ooms 
Banlial    or   eren    steeply-inclined    carbon    bmshes    need 
rerersed.     In  multipolar  madiines  the  eonBectlons  are 
an  angular  distance  equal  to  that  intervening  between  th 
The  easiest  way  is  often  to  simply  rotate  the  brush  yoke  1 
the   arc   of   ihis   ninnber    of    decrees,   carrying   all    the   1 
with  it-     Sometimes  such  reversal  cannot  be  allowed,  a 
terferes  with  regnlating  apparatus.     Changing  the  main 
lions  reverses  the  polarity  of  both  field  and  armature,  and 
the  direction  of  revolution  unchanged. 

Stoppios  ^  nachiae,— When  a  machine  is  being  stopp 
brushes  should  be  kept  on  the  commutator  until  it  is  r 
rather  slowly.  Then  they  are  lifted  off  the  surface.  Th€ 
is  to  remove  any  chance  of  injury  from  a  possible  revers< 
ment  of  the  armature.  Strictly  radial  carbon  brushes  are 
free  from  danger  in  this  regard. 

Too  Higli  Speed. — This  is  a  cause  of  trouble.     It  may 

a  strengthening  of  the  field,  so  as  to  doubly   raise  the 

motive  force  and  oau^e  sparking,  which  is  to  be  cured  bj 

enins  the  field.     Bu:  too  weak  a  field  is  in  itself  a  ci 

AMip^iiuqp.    A  field  Tegw\a\ox  may  be  used  to  adjust  the  s 

90>  it  IS  a  good  ^pr«»viv\«sft.  Xa  ''assft  one  withe 

Oft 
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A  motor  without  load  and  with  current  passing  tbroug^^^l 
^nature  anrt  the  field  cut  out.  will  infallibly  wreck  itself 
=ing. 

B  of  Magnetic  Polarity. — A  field  magnet  may  lose  its  . 
ty.  This  may  be  due  to  long  stand'ing,  so  that  the  residu^^^J 
itism  Is  10);t,  and  the  machine  rcluaes  to  build  up.  1(  mas^^f 
e  due  to  wrong  polarization  of  the  BeiA  by  means  of  a  cur^^H 
t  wrong  direction.  Sucb  a  current  may  be  produced  whei^^| 
ense  a  current  passes  through  an  armature  with  advanced  ,■ 
;a   that  the  armature  reaction  cliaages  the  iiolarlty  of  the 

This  may  be  due.  in  a  shunt-wound  machine,  to  a  short 
:  in  the  field.  This  wrong  direction  of  current  in  the  magnet 
is  especially  to  be  feared  in  compouud-wound  machines. 
3ulls  are  especially  bad   in  stoi-age- battery  work.    Reversal 

magnetization  of  a  field  when  the  machine  is  charging  a 
y  converts  it  into  a  motor,  and  the  current  from  the  battery 

it.  Thus  the  battery  loses  any  charge  which  may  have 
^ven  it.  The  battery  as  it  becomes  more  highly  charged  in 
r   working  may  be  the  agent  in  reversing  the  polarity  ot  _ 

nz    Polarity    of    Field.— Sometimes    it    happens    that   tlul 
ig  of  a  macbiniS  is  .such  as  to  give  the  wrong  polarity  Vt 
le  pieces  of  the  field.    This  happens  especially  with  mendeff^ 
les.    One  thing  to  do  is  to  recall  the  law  of  polarity,  page-fl 
id  to  try  to  follow  it  out  in  the  connections.    Another  Is 
/eraing  the  magnet  connections.     There  should  be  no  d 
n  arranging  the  connections  so  as  to  alternate  north  a 
poles  all  around  the  field.    The  thing  to  remember  Is  tba( 
ling  whether  the  current  runs  with  or  against  the  clocli^ 
server  must  conceive  himself  as  facing  the  hollow  in  th^ 
lece  which  embraces  the  armature.  ] 

brushes  are  raised  from  Ihe  commutator,  anrt  a  current^ 
*r  direction  is  sent  through  the  shunt  winding  for  a  fewH 
L  The  machine  can  then  be  started  again. 
['  o*  Motor  to  Start.— Connect  an  incanfleacen*.  Xavtve 
■  between  oup  of  Ihe  leads  and  one  ot  the  WwAWiS 
The  lamp  is  the  best,  as  it  operates  lo  sotQ^' 
IK  n-eJI  a.i  potential  tPKler.     M  \\»e  \»-m^ 
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on  one  side  shows  no  light,  try  a  connection  across  from  binding 
post  to  binding  post,  and  then  if  the  lamp  lights,  current  passes, 
and  the  trouble  is  in  the  motor.  If  the  line  shows  no  current,  a 
safety  fuse  is  probably  blown  out  or  loosened.  See  if  the  brushes 
touch  the  commutator.  '  If  the  line  and  motor  seem  to  be  all  right, 
shift  the  brushes  back  and  forth  in  search  of  the  working  point. 
If  the  motor  will  not  go,  it  probably  "has  too  great  a  load.  If  a 
shunt  motor  is  too  heavily  loaded,  the  armature  refusing  to 
start,  develops  no  counter  electromotive  force,  and  practically 
short-circuits  the  field  so  as  to  impair  the  magnetization  of  the 
field. 

When  a  motor  will  not  start,  and  the  connections  seem  to  be  all 
in  order,  the  current  should  be  cut  ofC,  and  the  clutch  opened,  or  • 
belt  thrown  off,  so  as  to  take  the  load  off  the  machine.  The  arma- 
ture must  then  be  set  in  motion  by  hand,  and  the  current  turned 
on  while  the  armature  is  turning.  Do  not  turn  on  the  current 
tchile  the  hand  is  touching  armature  pulley  or  belt.  When  the 
machine  is  rotating  regularly,  throw  on  the  load  gradually.  Re- 
member that  a  motor  which  refuses  to  start  is  in  great  danger  of 
burning  out  its  armature  windings  if  the  full  current  is  left  on 
for  any  appreciable  time.  The  field  coils  also  may  suffer  from 
overheating.  This  is  another  reason  for  starting  slowly.  Give 
current  very  slowly,  and  never  anything  like  full  current  if  the 
motor  does  not  start. 

Slow  Speed  Without  Load  indicates  in  a  motor  an  insufficient 
field  magnetizing  current  or  that  the  connections  are  inverted. 

Idle  Motors. — ^When  a  motor  is  doing  no  work  the  current 
should  be  cut  off.  A  motor  running  without  load  consumes  cur- 
rent, and  this  if  a  meter  is  used,  has  to  be  paid  for. 

Speed  Regulation  of  Motor  Without  Load. — On  suddenly 
throwing  the  load  off  a  series-wound  electric  motor,  as  by  shifting 
a  belt  or  loosening  a  clutch,  its  speed  will  be  suddenly  and  perhaps 
dangerously  increased.  The  rheostat  or  starting  box  should  be 
manipulated  so  as  to  prevent  this  sudden  increase  of  speed.  A 
shunt-wound  motor  does  not  act  thus,  and  does  not  need  the 
above  precaution. 

Starting  and  Stopping  Hotors. — These  operations  should  be 
performed  gradually.    A  sudden  throwms  oxi  ox  oft  of  a  load  on 
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a.  motor  affects  the  circuit  aometimea  to  quite  remote  points. 
Large  motors  abould  for  this  reaaon  alone  be  started  and  stopped 
slowly.  In  sudden,  jerky  starting  there  is  also  involved  a  great 
waste  of  power.  Such  wasteful  manipulation  Is  often  very  notice- 
able on  trolley  cars.  The  duty  of  the  superintendent  of  -power 
plants  is  to  prevent  all  sudden  starting  and  stopping  of  motors  as 
lar  as  he  possibly  can. 

Bad  Cont&cts  Between  Winding  and  Commutator  Bars.— The 
wires  of  the  armature  windings  In  some  machines,  especially 
those  ot  earlier  dale,  are  connected  to  the  commutator  bars  hy 
means  of  screws.  If  a  screw  gets  loose,  resistance  is  introduced 
with  danger  of  sparking,  which  will  occur  between  the  brushes 
and  the  badly-connected  commutator  bar.  Thus,  on  stopping  the 
machine  the  defective  place  can  be  located  by  the  appearance  of 
the  bar.  Properly-soldered  connections  In  modem  machines 
rarely  fail,  unless  too  many  wires  are  bunched  into  one  soldered 
joint. 

Temperature  of  Commutator. — The  commutator  should  not 
rise  to  a  temperature  exceeding  ISB"  F.  (85°  C.) 

A  ustial  cause  of  heating  of  the  commutator  is  too  Rreat  pres- 
sure of  the  brushes  against  its  surface.  Relieving  this  preaaure 
by  weakening  the  action  ot  the  springs  will  contribute  materially 
to  the  duration  of  both  commutator  and  brushes. 

Collector  Rings  on  alternators  and  alternating-current  motors 
mnst  be  kept  bright  and  clean.  A  little  vaseline  can  be  applied 
from  time  to  time,  IE  the  surface  is  rough,  the  machine  must  be 
stopped,  the  brushes  lifted  oti,  the  armature  or  rotor  started 
turning  again,  and  the  rings  may  be  sandpapered.  Use  a  hollowed 
block  of  wood  to  hold  the  sandpaper. 

Materials  of  Commutator.— To  withstand  the  action  of  carbon 
brushes,  the  commutator  bars  are  made  of  hard  copper  (unan- 
nealed).  But  however  hard  the  copper  may  be,  it  is  apt  to  be 
more  subject  to  wear  than  is  the  mica  insulation  which  lies 
between  the  bars.  Too  hard  oi'  unwearable  mica  tends  to  project 
beyond  the  copper  after  a  machine  has  run  some  time,  and  thus 
Impairs  iho  commutator  surface.  The  projecting  mica  tends  to 
cause  the  biuehes  to  jump  up  as  it  passes,  and  occasions  th«  moT'bV 
,  tSad  of  sparks,  with  Iota  of  "extra  current"  ^eWai  'CasHi..    ^iwii- 
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mott  sandpaper  is  often  not  able  to  cut  down  the  ridgea.  If  not 
afraid  of  injury,  emery  or  carborundum  cloth  or  paper  may  be 
tried.     The  worst  of  this  trouble  is  that  It  is  alow  to  reveal  itself. 

Loose  Commutator  Bars.— Sometimes  these  are  a  aource  of 
trouWe,  By  holding  a  somewhat  wedge-shaped  pieeo  of  wo"d 
on  each  bar  and  striking  it  with  a  hammer,  loosetiess  can  he  de- 
tected. The  Internal  insulation  of  the  armature  or  the  ringR 
holding  the  commutator  together  may  be  in  fault.  The  cure  is 
to  he  intrusted  to  a  competent  person  only.  !i  may  differ  for 
different  cases  to"  an  indefinite  extent. 

Oval  Commutator. — Especially  if  made  of  cast  metala,  commu- 
tators sometimes  wear  irregularly  and  become  oval  in  cross  sec- 
tion.    The  only  cure  is  to  turn  them  down  in  a  lathe. 

A  Oummy  or  Sticky  Commutator  Surfsc«  will  cause  the 
brushes  to  chatter  or  execute  a  series  of  little  Jumps.  Cleaning 
is  the  remedy,  with  a  very  little  oil.  Do  not  attempt  to  atop  it  by 
lubrication,  as  this  will  malie  resistance  at  the  contact  of  brush 
with  commutator. 

Lubricating  the  Commutator  Surface.— Spartilng  often  fol- 
ic"^ as  a  result  of  this  practice.  If  the  surface  is  in  good  order 
and  the  brushes  are  properly  shaped  and  trimmed,  hardly  any 
lubrication  should  be  required.  Electric  contact  of  the  beet 
quality  ia  required  between  the  brushes  and  the  commutator 
surface.  Anything  in  th«  nature  of  grease  acts  as  an  insulator. 
A  drop  or  two  of  oil  carefully  rubbed  over  the  whole  surface 
should  be  sufficient   lubrication. 

Brushes  and  Brush  Holders.— These  should  not  he  so  heavy 
that  they  will  not  readily  yield  to  the  Inevitable  inequalities  of  the 
commutator  surface.  The  width  should  range  from  %  inch  to 
114  inch.  The  thlckneas  preacribed  by  the  manufacturer  of  the 
machine  should  be  adhered  to.  For  holders  drawn  copper  la  one 
of  the  best  materials.  Cast-metal  holders  are  not  generally 
recommended. 

Brush  Pressure.— A  carbon  brush  may  press  with  a  weight  of 

2  to  214  pounds  on  the  commutator;   a  copper  brush  should  not 

press  much  over  a  pound.     Good  contact  between  carbon  bruahea 

and    brush    holders    must   be   secured.      For   this    object   carbon 

L  brushes  are  copper-plated. 
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Replacing  Briuhes.— In  putting  new  bruEbea  in  place,  the 
surface  resting  on  the  pommutator  should  he  made  to  fit  accurate- 
ly. A  simple  way  of  shaping  them  is  to  hold  a  sheet  ol  sand- 
paper, rough  side  out,  on  the  surface  of  the  commutator,  and 
to  rub  the  hottom  of  Ihe  brush  back  and  forth  thereon,  the  bruah 
being  held  firmly  in  the  brush  holder.  If  the  machine  sliowa  any 
Incllnalion  to  cpark  with  a  new  brush.  It  is  well  to  run  It  without 
load  for  a  while  untf!  the  brush  sliapes  itself. 

Position  of  Brushes.^OiJposite  brushes  should  be  placed  so  as 
to  bear  upon  different  portions  of  the  commutator  surface.  If 
in  the  same  plane  at  right  angles  to  the  shaft  of  the  machine,  they 
wil!"wear  a  groove  in  the  commutator.  As  far  as  possibie,  the 
entire  surface  of  the  commutator  should  be  rubbed  by  the  bruebes. 

Copper  Brushes  must  he  cut  square  at  their  lower  end;  especial- 
ly Is  this  to  be  done  for  wire  gauze  brushes.  They  should  be 
pressed  just  enough  and  not  too  much  against  the  commutator. 
They  should  not  vibrate  when  the  armature  Is  turning.  Once  a 
■week  they  should  he  washed  with  lienKlne  to  remove  grease  and 
oil,  and  should  be  put  in  service  again  only  when  perfectly  dry. 

Carbon  Brushes  are  of  lower  conductivity  than  copper  brushes. 
More  carbon  brushes  are  required  for  a  given  machine  than 
copper  brushes,  which  exacts  a  longer  commutator.  There  must 
be  no  lost  motion  In  brush  holders  or  yoke.  The  screws  and  other 
movable  parts  of  these  portions  of  the  machine  must  be  watched. 
If  anylhlng  Is  loosened,  It  must  be  repaired  or  tightened. 

Setting  Brusfaes. — In  putting  in  the  brushes,  they  must  come 
In  contact  with  the  properly-spaced  commutator  bars.  The  gen- 
eral rule  is  to  divide  the  number  of  commutator  bars  by  the  num- 
ber of  poles,  and  set  the  brushes  that  number  of  bars  apart.  An- 
other way  to  get  at  their  position  is  to  lay  a  strip  of  paper  aronnd 
the  commutator  and  cut  it  to  exactly  the  circumference  thereof. 
This  can  be  divided  with  dividers  accurately  into  as  many  equal 
parts  as  there  are  poles  in  the  machine,  and  the  divisions  marked 
With  a  pencil.  A  simpler  way  is  to  do  it  by  folding  the  paper. 
By  placing  it  again  around  the  commutator  the  pencil  marks  or 
the  folds  will  show  how  to  space  the  brushes.  This  applies  espe- 
cially to  setting  tangential  metal  brushes.  Dive'A-Vie'B.iV'tvfe  tKt'wso. 
iarueb^  tend  ta  6nd  their  own  place.  a 
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If  metal  brushes  are  used,  the  greatest  care  should  be  exercised 
to  avoid  the  commutator  turning  in  the  wrong  direction,  as  this 
bends  up  their  ends,  and  may  injure  or  short-circuit  the  commu- 
tator bars. 

The  diflaculty  in  setting  brushes  arises  from  the  fact  that  differ- 
ent machines  require  different  setting.  Once  set  wrong,  enough 
sparking  may  occur  to  so  deteriorate  the  commutator  that  spark- 
less  adjustment  will  be  impossible.  Another  source  of  damage 
may  be  the  simple  heating  of  the  commutator  on  account  of 
wrongly-set  brushes. 

There  is  no  rule  to  be  given  for  setting  brushes.  For  each 
type  of  machine  it  must  be  learned.  The  information  can  be 
obtained  from  the  manufacturer  if  it  is  a  new  machine,  or  from 
the  engineer  who  ran  it  if  it  is  an  old  one. 

In  the  old  two-pole  machines  it  was  a  general  rule  that  the 
brushes  should  be  180°  apart.  In  more  recent  two-pole  machines 
the  angle  between  the  brushes  is  often  little  more  than  the  angle 
subtended  by  one  of  the  pole  pieces.  On  such  machines  a  mark 
is  generally  made  for  the  brushes  to  be  set  by.  The  older  ma- 
chines had  two  marks,  one  for  load,  the  other  for  no  load.  The 
general  rule  is  to  shift  the  brushes  in  the  direction  of  the  rota- 
tion, as  a  dynamo  receives  its  load,  and  vice  versa  for  a  motor. 

Hard  Carbon  Brushes  have  sometimes  to  be  rejected.  One 
may  be  what  some  engineers  call  "glass  hard,"  often  harder  than 
glass,  or  may  be  of  high  resistance.  Such  must  be  rejected  and 
replaced  by  good  ones.  They  cannot  be  made  to  work  satis- 
factorily with  brushes  of  the  proper  degree  of  hardness. 

Lifting  Brushes. — When  a  machine  is  in  operation  generating 
current,  a  brush  should  never  be  lifted  from  the  commutator. 
If  there  are  several  brushes  on  the  same  side,  a  single  one  may 
be  lifted,  but  the  best  practice  is  not  to  do  so.  If  there  is  only 
one  brush  and  it  is  lifted,  it  may  make  an  arc  and  burn  the  com- 
mutator. 

A  good  way  to  test  the  heating  of  the  armature  is  to  hold  the 

hand  in  the  draft  of  air  coming  from  it.     If  the  armature  is  hot, 

the  air  will  be  heated. 

Break  In   the  Arma'ure  Windings. — This  accident  causes  a 

motor  to  spark  very  badly  and  may  \XLCT^«JB.ft  \\."&  «^^fe^.    On  stop- 
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ping  it,  the  insulation  between  the  commutator  bars  between 
which  the  broken  coil  is  connected  will  show  the  effects  of  the 
sparking.  If  a  dynamo  refuses  to  build  up,  and  this  trouble  is 
suspected,  the  machine  can  be  run  as  a  motor  so  as  to  identify 
and  locate  the  place  by  burning  the  insulation  as  just  described. 
If  there  are  a  great  many  commutator  bars,  the  two  involved 
can  be  temporarily  connected  by  solder,  so  as  to  short-circuit  the 
defective  coil.  The  real  remedy  is  to  connect  the  ends  of  the 
broken  wire  with  silver  solder.  A  break  will  sometimes  only 
•show  itself  when  the  machine  is  running,  when  it  will  produce 
flashing  between  the  commutator  and  brushes.  When  motionless, 
the  severed  ends  may  spring  together.  By  determining  the  exact 
resistance  of  the  armature  the  trouble  may  be  found,  as  the  break 
will  probably  increase  the  resistance  if  it  does  not  absolutely 
break  the  circuit.  A  short  circuit  may  exist  under  like  condi- 
tions. 

If  a  commutator  gets  too  hot,  it  will  heat  carbon  brushes  and 
get  a  coating  from  them,  which  will  increase  its  superficial  re- 
sistance and  aggravate  the  trouble.  The  commutator  blackens, 
and  the  carbon  holders  get  hot  and  may  become  discolored.  Such 
heating  should  not  occur. 

End  Motion  in  an  Armature  Shaft  is  generally  desirable. 
With  the  usual  cylindrical  commutator  this  motion  causes  the 
brushes  to  come  in  contact  with  the  entire  surface  of  the  commu- 
tator if  the  range  of  motion  is  sufficient,  and  such  contact  favors 
even  wearing,  and  the  cylindrical  contour  of  the  armature  is 
thus  favored.  If  the  armature  shaft  has  end  play,  the  belts  are 
pretty  sure  to  have  irregularity  enough  to  keep  it  in  constant 
motion  back  and  forth. 

In  some  machines,  end  motion  is  given  by  mechanism  for  the 
purpose. 

Short  Circuits  In  Armature. — The  windings  may  get  their 
insulation  rubbed  off  and  connect  with  each  other  or  with  the 
iron  core  of  the  armature.  Copper  or  carbon  dust  may  be  the 
cause  of  short  circuits  between  commutator  bars.  A  commutator 
brush  may  be  in  electric  contact  with  the  frame  of  the  machine. 

If  a  machine  were  perfectly  insulated  from  the  earth,  such  a. 
single  contact  with  core  or  frame  would  \)e  ^\Wvo>\\.  ^\v^  <i^fe^\.. 
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If  the  frame  of  a  machine  is  grounded  and  a  ground  exists  in  the 
commutator  or  armature,  then  such  a  contact  of  winding  and  arm- 
ature core  causes  a  short  circuit,  which  may  burn  out  the  arma- 
ture windings.  When  any  short  circuit  of  this  character  exists 
it  is  a  menace,  although  it  may  do  no  harm  for  a  long  time.  The 
short  circuit  can  be  sought  for  with  a  galvanometer  and  a  source 
of  current,  such  as  a  dry  battery.  The  armature  windings  are 
disconnected  from  the  field  windings,  and  one  end  of  the  wire 
from  the  galvanometer  and  battery  is  kept  in  contact  with  the 
iron  core  of  the  armature  or  with  the  frame  of  the  machine.  With^ 
the  other  end  of  the  wire  the  armature  bars,  brush  connections, 
etc.,  are  touched.  A  movement  of  the  galvanometer  needle  indi- 
cates the  contact  and  locates  it.  It  is  obvious  that  the  magnet 
windings  may  be  tested  also  by  touching  the  exploring  wire  to 
their  ends,  as  contact  may  exist  between  magnet  cpre  and  magnet 
windings.     Repairs  have  generally  to  be  made  at  the  factory. 

Frequently  a  battery  with  wires  is  suflSicient  to  detect  these 
troubles.  A  spark  will  show  when  contact  is  broken,  or  the 
tongue  may  be  placed  between  the  wires,  and  the  taste  .will  reveal 
a  leakage. 

A  single  contact  between  the  armature  winding  and  the  iron 
core  of  the  armature  does  no  harm  as  long  as  no  other  contact  or 
grounds  exist.  Of  course,  it  should  not  be  tolerated,  as  it  is  a 
constant  menace.  A  short  circuit  due  to  the  contact  of  two  wires 
of  the  same  coil  of  the  armature  winding  may  have  serious  con- 
sequences. A  dynamo  with  this  trouble  will  not  build  up  or 
excite  itself.  If  the  attempt  is  made  to  start  it  with  an  outside 
source  of  current,  it  will  not  absorb  its  full  voltage,  and  the  arma- 
ture windings  will  begin  to  get  hot.  This  will  be  indicated  by 
the  smell  of  heated  insulating  materials.  On  stopping  the  ma- 
chine, the  defective  coils  can  be  found  by  feeling  the  surface  of 
the  windings.  The  hottest  part  will  bo  where  the  short  circuit 
is.  A  motor  will  show  such  a  short  circuit  by  loss  of  power  and 
speed.  Sometimes  it  will  not  move  at  all.  Entire  or  partial 
rewinding  of  the  armature  is  the  cure. 
//  the  short  circuit  is  between  l^o  ^\Te^  ot  different  <Joils,  the 
trouble  is  intensified.  The  wlQ.o\e  a-Tm^Xxxxe^  m^^  >a^\i>\\\^^^  q.>q.\. 
-^  the  machine  is  not  stopped  in  Ume. 
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^~  Whaf.  IK  said  of  this  class  of  aborl  elrcuils  applies  to  the  arma- 
ture bars.  A  contact  between  contiguous  ones  represents  ehort- 
circuiting  within  the  limits  of  b.  coll.  If  remote  armature  bars 
are  connected,  it  representa  the  more  serious  case  of  stiort-circuit- 
ing  of  different  eoila. 

Already  a  temporary  cure  for  a  broken  coil  has  been  described. 
This  was  the  soldering  together  of  its  two  commutator  bars. 
Such  soldering  must  never  be  done  unless  there  Is  absolute  cer- 
tainty of  the  break.  It  would  be  better  to  cut  the  wire  and  band 
the  ends  apart,  to  make  sure  of  disconnection,  and  then  to  solder 
as  described. 

Sparking  of  tbe  Commutator  Is  a  very  serious  evil.  As  the 
bruBh  leaves  a  commutator  bar.  if  all  Is  not  rjghtly  adjusted, 
sparks  will  pass  from  the  commutator  bar  to  the  brush.  Every- 
thing In  a  direct-current  dynamo  or  motor  depends  upon  the 
accurate  co-operation  of  the  commutator  and  brushes.  It  spark- 
ing Is  allowed  to  so  on.  It  deteriorates  the  metal  parts  of  the  com- 
mutator, and  Ihe  edges  of  the  bars  cease  to  he  straight  and  they 
lose  their  definition.  The  effect  of  this  Is  to  Increase  the  spark- 
ing and  with  it  the  damage  to  the  commut;ttor  until  no  remedy 
short  of  turning  off  the  surface  of  the  commutator  in  a  lathe  will 
restore  the  machine. 

The  brushes  may  suffer  in  the  same  process  of  sparking.  Their 
trimming  and  shaping  is  comparatively  easy.  The  commutator 
is  the  critical  thing. 

The  sparking  between  a  commutator  and  the  brushes  is  injuri- 
ous to  the  commutator.     II  is  trouble  enough  at  the  best  to  keep 
a  commutator  In  good  order.     To  turn  it  down  on  a  lathe,  to  trim       | 
the  brushes  and  set  them  Is  a  p'lece  of  work  requiring  time  anQ       i 
trouble.     The  dynamo  is  also  out  of  commission  during  this  time.       ' 
A  commutator  loses  metal  every  time  It  Is  turned  down,  and  if  this 
Is  often  necessary,  It  will  sooner  or  later  succumb. 

The  main  cause  of  sparking  Is  very  simply  presented.  Fol- 
lowed out   to   lis   full   scope,   the  subject  may  become   rather  in- 

Tbe  cut.  Fig.  311.  represents  convenUonoWj   a,  5it\.  tit  ■a.  tw^a- 
maiafor  B'/jose  bars  are  letterecl  c  (i  e  f  g.     Ti'  n  %v^e.■5,'C&f>\!«i^'^'^■^™' 
'   fftbe  end  of  tbe  neutral  fine.     In  t\ve  pos\Uo-n  ?S\o-wQ.  '^'^«^  ^'^'^^ 
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ture  windings  indicated  at  W  and  X  are  sending  current  in  the 
direction  of  the  arrows.  They  lie  in  the  left-hand  half  of  the 
field.  The  coils  U  and  Y  lie  in  the  right-hand  half,  and  send 
current  in  the  opposite  direction.  The  currents  join  at  the 
neutral  point,  and  flow  off  through  the  brush. 

It  will  be  observed  that  one  coil  V  is  short-circuited  and  is 
"dead,"  because  the  brush  bridges  over  the  space  between  the 
commutator  bars.  As  the  armature  turns,  this  coil  is  suddenly 
thrown  into  series  with  T  and  U  and  the  whole  of  the  right-hand 
division  of  the  armature.  Owing  to  self-induction,  the  coil  V 
resists  the  passage  of  the  current,  and  a  spark  goes  across  from 

E  to  the  brush  which  has 
^       •  now  left  it.     Such  sparks 

ruin  the  commutator  sur- 
face. 

But    now    suppose   the 
brush   advanced   a  little. 
When  a  coil  is  short-cir- 
cuited, it  is  no  longer  at 
the  neutral  point,  but  is 
in  say  the  right-hand  half 
of  the  armature.       It  is 
cutting  lines  of  force,  and 
electromotive      force      is 
generated    in    it    of    the 
same  polarity  as  that  in 
the    other    coils    of    that 
half.     As  it  leaves  the  brush,  it  is  ready  under  the  influence  of 
that  electromotive  force  once  more  to  start  into  action  and  carry 
its  current.     The  sparking  now  does  not  take  place. 

If  on  the  other  hand  the  brushes  are  swung  back,  then  the 
idle  coil  is  still  in  the  left-hand  half.  It  cannot  be  called  idle 
any  more,  as  it  is  generating  an  opposite  electromotive  force,  and 
it  intensifles  the  sparking  action  by  its  own  supplementary  spark- 

These  facts  must  be  firmly  fixed  \\i  Wi^  mm^.    k  T^^wlral  line 
exists  in  any  active  armature,  w\iic\i  xxiay  ox  m«J^  lioV  Q.Qrcx^%^<5paft. 
yith   the  position   at  the  bruslies.    U  l\ie  \iT>x^^v^  ^^^  ^^n^-^^^ 


Fig.  311.— Short-Circuiting  of  an 
ARMAruRE  Coil  by  a  Brush. 
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from  this  position,  they  carry  tbe  neutral  line  In  their  direction, 
but  not  as  far  as  they  themselveB  go.  If  the  hrushes  are  advanced, 
they  therefore  throw  some  coils  Into  the  wrong  division  of  the 
armature.  Such  colls  generate  counter  electromotive  force  and 
reduce  the  output.  If  the  brushes  are  retarded,  there  is  bad 
sparking;  If  they  are  advanced  too  far,  It  ia  less  than  if  retarded. 

The  Ideal  would  he  to  have  the  brushes  in  the  neutral  line  if 
there  were  no  sparking  there. 

If  a  dynamo  has  a  weak  field,  the  distortion  of  the  fleld  will  be 
excessive.  We  have  seen  how  the  current  Induced  in  the  coll  V 
of  Fig.  311  operates  to  prevent  sparking.  The  distortion  of  the 
lines  of  force  throws  this  coll  into  a  weak  portion  of  the  fleld,  and 
Its  action  ia  greatly  weakened.  The  sparking  may  be  very  bard 
to  avoid  in  auch  case.  A  relatively  strong  field  acta  to  prevent 
sparking. 

The  fewer  the  commutator  divisions  on  a  given  armature,  the 
greater  will  be  the  electromotive  force  represented  between  any 
two  of  them,  and  the  greater  will  be  the  Inductance  of  the  wind- 
ings Included  between  them.  One  of  the  causes  of  sparking  Is 
disposed  of  by  giving  plenty  of  divisions  to  the  commutator. 

The  bruabes  keep  tbe  coil  V  of  Fig.  311  abort-circuited  while  it 
1b  passing  the  nentral  line  and  electromotive  force  is  being  im- 
liresBed  upon  it.  This  electromotive  force  as  already  described  acts 
to  prevent  sparking.  It  Is  therefore  an  object  to  keep  this  coll 
Ihort-clrculted  long  enough  to  get  it  working  before  it  is  thrown 
Into  series  with  the  others.  One  cause  of  sparking  is  too  thin  a 
brush  or  a  badiy-trimmed  one. 

The  idle  coil  must  be  In  a  strong  field  to  be  efficient  in  prevent- 
ing sparking.  The  pole  pieces  sho»ld  he  so  shaped  as  to  give  a 
strong  field  at  the  positions  of  the  brushes  Just  forward  of  the 
neutral  line. 

Short-circuiting  of  one  of  the  sections  of  the  winding  may  cause 
sparking.  The  mere  mechanical  disturbance  of  shaking  or  Jump- 
ing of  the  brushes  is  a  cause  of  sparking. 

Starting  a  Hachlnc^Before  starting  a  new  mactocva  c^  awi         ' 
vblcb  has  been  for  some  time  out  of  service,  ftia  a.TTns.V>ixe.  ^(voxAft- 
ie  Cornell  by  band  to  see  If  it  Is  free  to  luru  Mi4  '^■aB  ^<A.  «*• 
ted  bearings  or  too  tight  bearlnga.     Aa  \X.  ttss»  WhW.  "^J^* 
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windings  sbould  be  olserved  lo  see  if  any  wires  rul)  agalnat  the 
pole  pieces  and  if  the  axle  of  the  armature  Is  centered  at  hoth  ends 
with  respect  to  the  cavity  hetween  the  poles. 

The  oiling  apparatus  must  he  exainlned  to  see  if  it  is  tn  per- 
fect condition,  as  lack  of  oil  in  a.  machine  of  such  high-speed  type 
may  be  disaslrnus.  An  iron  oil  can  is  not  a  sood  one  to ■  use,  oa 
account  of  the  attraction  (he  field  may  exert  upon  it.  If  oiling 
rings  are  used,  Ihey  must  be  watched  to  see  if  they  operate  freely. 
In  oiling,  no  drops  of  oil  must  be  allowed  to  fall  outside  of  the 
proper  places.  Especially  none  must  touch  the  brush  holder, 
windings,  or  commutator. 

in  starting,  do  it  slowly,  especially  with  new  machines  and 
new  belting.  It  Is  well  to  run  a  machine  tor  a  while  without 
load  to  ascertain  if  the  mechanical  parls  are  perfect  and  in  ad- 
lustmenl.  This  will  show  whether  the  licarlnga  are  slack  or 
the  armature  out  of  balance.  If  the  machine  has  to  be  moved 
along  its  base  to  tighten  the  belts,  its  axis  must  be  kept  at  right- 
angles  to  the  line  of  belting. 

Starting  a  Dyniuno. — The  brushes  should  be  lifted  from  the 
comrauTator,  and  only  .brought  down  on  the  commutator  after 
the  full  speed  Is  attained.  The  brushes  must  not  be  pressed  too 
strongly  against  the  commutator.  If  metal  brushes  are  used,  cop- 
per dust  is  apt  to  be  formed,  which  may  short-circuit  the  commu- 
tator bars.  After  a  run.  when  the  machine  goes  out  of  action. 
always  lift  the  brushes. 

Armature  Running.— If  a  machine's  armature  is  running  at 
full  speed,  it  should,  if  the  power  is  thrown  off,  continue  In  mo- 
tion for  a  minute  or  more  by  Its  own  inertia. 

Balancing  of  Armature. — An  armature  may  be  perfectly  bal- 
anced for  all  positions  when  stationary,  and  yet  not  be  In  balance 
when  in  motion.  Want  of  such  balance  causes  vibration,  which 
may  shake  a  whole  building.  If  a  machine  runs  quietly,  there 
is  no  need  of  further  Investigation  of  its  rotary  balance.  To  teat 
It,  however,  the  machine  may  be  suspended  In  the  air  by  its  Held 
eye-bolt  and  run  as  a  motor,  or  less  advisedly  with  a  vertical  belt. 
Any  lack  of  balance  will  throw  it  into  vibration.  Vibration  often 
produces  spariiing  on  the  commutator. 
Ceaterlag  of  the  Armature.— The  niasn.e\.\'i  i>o.\.\  exercised  by 
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the  fleUi  of  a  machiue  on  its  armature  may  pull  the  latter  out  of 
center  by  springing  the  shaft.  The  pull  taa  been  known  to  spring 
the  Held  magnet  frame  so  that  It  gripped  the  armature  and  held 
It  mechanically,  arresting  its  motion.  This  point  may  be  inveatl- 
gated  In  a  new  machine  ty  passing  current  through  the  field  and 
obserTini;  Ihe  action  on  the  armature  and  flclil. 

Armature  Out  o(  Center.^In  bl-polar  machines  this  trouble  is 
of  less  accoimt  than  in  four-pole  maehinea.  In  the  latter,  gen- 
erally four  windings  in  parallel  with  each  other  are  on  the  arma- 
ture. If  the  armature  is  out  of  center,  the  electromotive  force 
Impressed  on  the  windings  will  be  unequal.  Local  currents  will 
occur  ta  restore  balance;  the  wires  wl'l  carry  varying  currents; 
sparking  will  ensue,  and  even  on  open  circuit  the  armature  may 
become  heated.  It  follows  that  too  great  attention  cannot  be 
given  to  this  point. 

Poucault  or  Eddy  Currents  may  exist  In  the  armature  core, 
due  to  insufScient  lamination,  loo  thick  disks,  or  to  bad  insulation 
^etween  the  diaks.  Nothing  can  be  done  tor  It  except  to  rebuild 
the  armature.  They  may  exist  In  the  armature  windings,  due  to 
too  massive  conductors.  Subdivided  or  laminated  conductors 
tend  to  minimize  the  trouble;  sinking  the  conductors  in  slots  In 
the  core,  and  rounding  off  the  edges  of  Ihe  pole  pieces,  thus  alter- 
ing the  distribution  of  lines  of  force,  also  prevent  It.  The  latter 
cure  may  introduce  other  troubles.  Foueaulf  currents  are  de- 
tected by  liie  heat  they  produce.     The  hottest  place  is  where  they 

Heatins  of  Field  Coils,— lu  shunt-wound  machines  this  Is 
liable  to  occur  from  too  high  a  current  being  sent  through  the 
Held.  Every  machine  Is  built  for  a  definite  maximum  voltage  at 
a  deSnite  maximum  speed  of  rotation.  If  a  machine  operates 
with  proper  voltage,  yet  requires  too  high  a  speed  for  operation. 
or  with  proper  speed  has  too  low  a  voltage,  the  weakened  field 
thus  Indicated  will  be  apt  to  cause  sparking  at  the  commutator- 
But  the  reverse  trouble  of  too  low  a  speed  for  the  given  voltage  ■ 
or  too  high  a  voltage  for  the  given  speed  Indicates  too  strong  a 
field.  In  charging  storage  batlerles.  the  latter  trouble  may  arise. 
Reducing  the  current  is  useless,  as  the  field  magnet  current  de- 
pOidB  on  the  potential  difference  at  the  teriatoa,\a.    T\i.^  NcWia.??.  »A 
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the  outer  circuit  must  be  reduced.  The  trouble  makes  itself  evi- 
dent by  heating  of  the  field  coils  and  pole  pieces. 

If  one  field  coil  is  hotter  than  the  other,  look  for  a  short  circuit 
in  the  colder  coil.  If  there  is  such,  it  will  cause  an  excess  of 
current  to  pass  through  the  field  coils,  thereby  heating  the  per- 
fect one. 

Break  in  the  Field  Winding. — This  simply  brings  a  dynamo 
out  of  action.  A  shunt  motor  may  be  ruined  by  such  an  accident, 
as  its  speed  will,  unless  restrained,  increase  until  it  wrecks  the 
armature.  The  trouble  is  easily  found  by  a  galvanometer  and 
dry  battery  or  by  a  strong  current  and  electric  lamp.    If  no  cur- 
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rent  will  go  through  the  magnet  windings,  there  is  evidently  » 
Ureak.     Its  repair, may  involve  rewinding  of  the  field. 

Short  Circuits  in  Field  Winding.— These  are  best  detected  by 
measuring  the  resistance  of  the  field.  They  operate  to  weaken 
the  field,  to  lower  its  resistance,  so  that  it  takes  more  current 
at  equal  potential  and  may  give  the  remaining  wires  more  load. 
The  weakening  of  the  field  lowers  the  potential  of  the  machine, 
and  thus  may  often  save  the  excessive  load  being  given  the  wind- 
ings. The  most  complicated  cases  of  short-circuiting  in  the  field 
occur  in  compound-wound  machines.  Diagrams  of  some  such 
accidents  are  given  in  which  dotted  lines  indicate  short  circuits. 

Fig.  312  shows  a  short  circuit  between  the  middle  of  the  shunt 

winding  and  the  beginning  of  the  series  winding.  .  In  this  case 

vne  half  of  the  shunt  coil  is  thrown  out  of  action,  and  the  other 
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half  may  get  heated  from  excess  of  current.  Such  a  short  circuit 
affects  the  compounding  of  multipolar  machines  more  than  it 
does  that  of  bipolar  machines.  It  results  in  over-compounding. 
The  next  diagram.  Fig.  313,  shows  the  whole  shunt  winding 
thrown  into  parallel  with  the  series  winding.  This  is  due  to  a 
short  circuit  between  the  beginning  of  both  windings.  The  short 
circuit  also  operates  to  cut  out  the  armature,  and  thus  throw  the 
machine  out  of  action. 

In  Fig.  314  is  shown  the  outer  end  of  the  shunt  winding  con- 
nected by  a  short  circuit  with  the  inner  end  of  the  series  winding. 
If  the  short  circuit  is  of  low  resistance,  it  short-circuits  the  series 
winding,  and  the  machine  has  to  operate  as  if  shunt-wound. 
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Figs.  3U  and  315.— Short  Circuits  in  Dynamo. 

Sometimes  a  shunt-wound  machine  has  the  outer  end  of  the 
Shunt  winding  connected  to  the  inner  end  of  the  series  winding. 
In  such  a  machine  a  short  circuit  between  the  outer  ends  of  the 
two  coils  will  short-circuit  the  series  coil,  and  the  machine  acts 
I  as  if  shunt-wound.  This  condition  is  shown  in  Fig.  315.  The 
I    exact  condition  shown  in  Fig.  314  is  brought  about. 

Earthing  Dynamo  Frames. — The  windings  of  a  dynamo  or  mo- 

I  ■  tor  must  be  carefully  insulated  from  the  earth.    The  frame,  on 

^    the  other  hand,  is  to  be  connected  thereto.     It  is  pretty  sure  to 

.    have  such  connection  in  any  event.     Small  motors  may  be  in- 

Bolated  altogether.    To  test  grounds  in  the  windings,  a  wire,  with 

an  Incandescent  lamp  in  circuit,  may  be  connected  to  one  of  the 

bolts  of  the  frame  of  the  machine,  and  its  other  end  br^M.^^^ 

into  contact  with  any  exposed  part  ot  Ihft  ^m^Vsi^.    'VX^fc  \n»ss.^'«» 
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should  be  carefully  protected,  either  by  using  thickly-insulated' 
wire  or  by  India-rubber  gloves.  If  the  lamp  becomes  hot,  a 
ground  exists.  Two  lamps  in  series  can  be  connected  across  the 
two  main  leads  with  the  wire  between  them  connected  to  the 
earth.  If  the  windings  on  both  legs  of  the  field  are  in  contact 
with  the  core,  the  lamps  will  light  feebly. 

Short  Circuits  In  Outer  Circuit. — Sometimes  a  short  circuit 
on  the  outer  circuit  may  happen  when  no  current  is  being  de- 
livered,  and  the  generating  machinery  is  at  rest.  This  takes 
away  current  from  the  shunt  field  circuit,  and  the  generators 
will  not  build  up  a  current.  Nothing  can  be  done  except  to  find  v 
the  trouble  and  rectify  it.  It  is  a  very  disagreeable  occurrence, 
as  the  short  circuit  may  never  be  even  suspected  until  the  time 
arrives  for  starting  the  generators*  affected  by  it. 

A  short  circuit  on  the  outer  circuit  may  be  occasioned  by  neg- 
lect of  customers  to  turn  off  their  lamps  or  motors.  A  number 
of  such  left  connected  in  parallel  on  an  inactive  circuit  will  inter- 
fere with  the  starting  of  the  generator,  just  as  if  an  accidental 
short  circuit  occurred  between  two  leads.  If  lamps  are  kept 
burning  and  motors  going  until  the  current  is  shut  off  at  the 
generating  plant,  they  should  be  switched  out  by  those  in  charge. 
Automatic  cut-outs  can  be  used  for  motors,  which  will  cut  them 
out  when  the  current  ceases. 

A  temperature  of  72°  F.  (40°  C.)  above  the  atmosphere  is 
given  by  some  authorities  as  allowable  for  dynamos  and  motors  in 
action. 

Wrong  Connections  in  Compound  Dynamos. — When  a  com- 
pound-wound machine  refuses  to  work,  if  a  dynamo  will  not  build 
up,  and  if  a  motor  does  not  turn  unless  a  short  circuit  such  as 
has  been  just  described  can  be  detected,  there  is  reason  to  suspect 
that  the  series  coil  of  the  field  is  wrongly  connected.  If  inverted 
in  connection,  it  will  work  in  opposition  to  the  shunt  coil.  This 
destroys  the  field  excitation.  Such  wrong  connection  simply  re- 
duces a  compound  dynamo  to  inaction.  But  in  the  case  of  a 
compound  motor  there  is  danger  of  an  accident.  It  is  necessary 
to  use  great  care  in  starting  compound-wound  motors  lest  such 
an  accident  should  occur. 
Turning  Down  a  Commutator  re^mt^^  ^^^eclal  care,  as  copper 
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is  a  very  tougli  metal,  and  the  breaks  between  the  bart  ma>  make 
the  tool  jump  a  little,  causing  irregularity  in  the  work  A  dla 
niond-pointed  tool  taking  a  very  flue  cut  is  recommended  The 
fine  cut  is  desirable,  not  only  to  seiure  finish  but  to  a\oid  using 
lip  the  com  mutator.  Were  there  enough  of  such  work  to  be  done 
ft  milling  machine  would  be  useful.  .After  the  tiiming,  the  spaces 
between  the  bars  should  he  hrushed  over  to  remove  copper  dust 
from  the  mica. 

Sandpapering  snd  Smoothing  a  Commutator  should  be  done 
when  it  is  cold,  if  the  mica  tends  to  project.  It  will  project  more 
when  the  commutator  is  cold  than  when  it  Is  hot.  This  enables 
the  sandpaper  to  better  remove  it.  Another  good  point  to  be 
noted  is  that  the  increased  projection  of  the  mica  causes  its  re- 
moval by  sandpaper  to  be  done  with  less  expenditure  of  the 
copper  of  the  commutator  hars,  which   it  is  highly  desirable  to 

To  Sandpaper  a  Commulator,  a  block  of  wood  cut  to  the  curve 

of  the  commulator.  so  as  to  take  in  at  least  one-third  of  its  length. 

,  Jnay  be  emiJloyed  with  which  to  apply  the  sandpaper.     Tallow 

I  must  be  applied  to  the  paper  or  armature  surface,  to  enable  the 

|v«KidBaper  to  cut  the  mica.     Rarely  use  a  file,  as  this  is  apt  to 

r  the  surface  of  the  commutator  unevenly.     It  a  commutator        , 

rned.  off.  care  must  he  taken  lest  short  circuits  form 
jopper  being  crowded  across  the  Intervals  between  the  bara. 
more  bars  of  the  commutator  show  excess  of  wear, 
bad  contact  between  the  connection  from  the  bars 
o  their  respective  coils,  or  some  other  bad  contact  to 
hlght  for  in  or  about  the  coil  in  question. 

■   a  Commutator. — This   is   sometimes   done.     A  hastard- 

i  used,  and  the  armature  is  slowly  turned  during  the 

illngs    must    be   carefully    removed    from    between    the 

or  bars;   a  sharp  hook-shaped  tool  will  do  this.     A  hel- 

»1U  blow  away  all  loose  filings. 

;  CtrcultB. — A    short   circuit    between    the   primary   and 

iBry  coils  of  alternators,  alternating  current  motors  or  trans- 

3  dangerous  lo  life.     It  may  be  brought  about  by  llghl- 

Btroke.      It    will    destroy    lamps,    motors,    and    the   \\Vfe  ^s^ 

fcfh   potential    Ihiowti   upon   the   line,     t\ie   c^lac?.  \^  -«\vV^ 


434  ELECTRICIANS'   HANDY   BOOK. 

this  may  occur  are  such  as  the  following:  The  primary  or 
high-tension  line  of  a  system  may  have  a  single  ground  connec- 
tion, and  the  low-tension  or  secondary  may  also  have  one.  As 
long  as  the  two  circuits  are  insulated  from  each  other,  no  harm 
need  result,  although  a  ground  on  a  high-tension  circuit  is  a 
perpetual  menace  to  life.  If  by  any  cause  such  as  a  stroke  of 
lightning  an  arc  is  started  across  from  primary  to  secondary, 
this  arc  will  connect  electrically  the  two  circuits,  will  bum  out 
lamps  and  motor  windings,  and  blow  out  fuses  on  such  portions 
of  the  low-tension  secondary  circuit  as  lie  between  the  arc  and 
ground  connection. 

Alternating-current  dynamos  are  free  from  one  source  of  trou- 
ble, the  commutator.  If  short  circuits  are  produced  in  their  coils, 
the  absence  of  a  commutator  involves  the  absence  of  sparking. 
The  latter,  while  injurious  to  the  commutator,  has  the  attendant 
merit  of  being  an  indicator  of  trouble.  There  is  no  such  indi- 
cator in  alternators.  Heating  of  the  coil  affected  by  the  short 
circuit  is  the  sign  of  trouble. 

Modern  alternating-current  generators  generally  have  a  re- 
volving field  and  stationary  armature,  sometimes  called  the 
stator.  When  the  stationary  armature  is  used,  breaks  in  the 
windings  very  seldom  occur,  and  are  easily  found  by  exploring 
with  a  source  of  current,  and  any  current  indicator.  A  dry  cell 
and  a  simple  galvanometer  may  suffice,  if  the  machine  is  absolutely 
out  of  action  and  disconnected  from  every  possible  source  of  cu^ 
rent.  Such  disconnection  should  be  regarded  as  imperative  in  al- 
most all  cases  where  explorations  have  to  be  conducted.  • 

Short  circuits  in  the  armature  windings  bring  about  local  and 
dangerous  heating.  Such  reduce  also  the  current  output  of  the 
generator,  as  the  defective  coil  is  no  longer  effective,  and  by  its 
high  current  intensity  operates  to  demagnetize  the  field.  If  the 
place  where  the  windings  are  short-circuited  has  been  found,  and 
is  accessible,  a  temporary  repair  may  be  made  by  pushing  In 
mica  between  the  wires.  Sometimes  the  coil  can  be  safely  cut 
out  and  the  neighboring  coils  can  be  connected  across  the  in- 
terval. This  is  safe  when  there  are  enough  coils  on  the  arma- 
ture. Short  circuits  in  modern  alternators  can  hardly  occur  be- 
r,veen  separate  coils. 
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Short  Circuits  Between  Armature  Windings  and  Frame  are 

dangerous  not  only  to  the  generator  but  to  the  livps  of  the  oper- 
atliea  it  a  ground  circuit  ia  on  the  Ime  A  200 Toll  tpnalon  has 
killed  in  seieral  recorded  cases  A  common  practice  1?  to  ground 
the  framework  ol  alternalofK  Tlien  if  a  man  touches  the  frame 
of  a.  machine  in  which  such  dangerous  short  circuit  eiiats  he  Is 
merely  in  parallel  with  a  portion  of  the  frame  and  receives  no 
injury  Were  the  frame  not  grounded  he  mleht  be  hilled  If 
no  ground  circuit  exists  on  the  line  such  a  contact  of  windings 
and  frame  may  remain  undiscovered  indefinitely  unless  watched 
for  It  would  be  well  to  etplore  Inactive  and  disconnected  ma 
chines  to   deleft   ';U(h 

Alternator  Brushes.— On  an  alternator  never  lilt  a  brush 
while  (bp  machin'  is  woiUmE  except  where  there  are  beveral  in 
the  set  Then  one  may  be  rained  at  a  time  some  being  kept  al 
ways' in  contact.  It  ia  bad  policy  to  work  much  around  an  al- 
ternator whea  It  la  In  action. 

Trouble  In  Rotors  ol  Alternators  may  be  caused  by  bad  condi- 
tion of  the  collecting  rings,  which  may  be  dirty,  unevenly  worn, 
or  oval.  A  periodic  breaking  of  the  circuit  at  the  brushes  due 
to  such  causes  will  occasion  sparking.  The  cure  is  to  attend  to 
the  rings  and  brushes  and  remedy  their  defects.  The  large  num- 
ber of  poles  of  the  usual  type  of  alternators  makes  short-cireuit- 
fng  unlikely  in  them,  as  the  copper  is  distributed  in  smaller 
masses,  and  the  insulation  is  not  so  subject  to  wear.  Another 
ettect  of  this  subdivision  of  windings  ia  that  if  one  winding 
glvra  out,  It  can  often  be  cut  out  and  short-circuited,  and  the 
machine  kept  in  action  until  the  chance  occurs  to  replace  or  re- 
pair the  defective  coil.  Cutting  out  a  pole  merely  exacts  a  little 
higher  magnetizing  current,  and  no  sparking  results. 

5elf-Starting  One-Phase  Hotor.— To  make  a  one-phase  alter- 
nating-current motor  self -star  ting,  a  capacity  is  introduced  into 
the  main  exciting  circuit  or  an  Inductance  into  the  shunt  circuit. 
This  splits  the  current  and  delivers  a  two-phase  current  to  the  | 
motor,  establishing  a  rotatory  field.  One  of  the  most  frequent  j 
sources  of  trouble  is  to  be  found  in  this  capacity  or  Inditetance. 
If  either  of  these  ia  out  of  order,  the  current  wUl  liiiV  Xife  ^■^o^WV-i 
«pllt,  and  the  motor  will  not  start.    A  confleTiB«  -wMV  \Tiia.  V''*-'^'** 

^^  -a 
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immersed  in  caustic-soda  solution  is  sometimes  used  as  a  starting 
capacity.  By  evaporation  it  is  liable  to  change.  The  inductive 
coil  is  to  be  preferred  to  such  a  capacity  apparatus. 

Local  Heatfais  off  the  Winilings  oi  the  Stator  in  an  induction 
motor  indicates  a  double  short  circuit  either  in  a  single  coil  or  in 
two  neighboring  coils.  If  wound  for  Y  distribution,  an  intemip- 
ti<m  of  one  phase  will  interfere  with  the  running  of  the  machine. 
If  the  load  is  light,  it  may  go  on  as  a  synchronous  motor.  Some- 
times the  beginning  and  end  of  a  coil  are  interchanged  in  their 
connection,  so  as  to  reduce  the  phase  difference  to  60  \  This  inter-^ 
feres  with  the  running  of  a  three-phase  Y-connected  motor. 

loductioa  flotor  Rotors. — The  short-circuited  disconnected  ro- 
tor of  induction  motors  seldom  gives  trouble.  In  the  older  type 
the  rotor  would  sometimes  become  so  hot  as  to  melt  the  solder 
on  the  connections  of  the  windings.  This  by  opening  the  circuit 
would  bring  the  machine  to  rest.  For  this  reason  it  is  the  best 
practice  to  use  no  solder  on  the  joints,  but  by  hard  metal  coup- 
lings or  brazing  to  secure  heat-proof  joints. 

Synchronous  Motors,  whether  single  or  polyphase,  should  be 
speeded  up  before  loading,  and  the  load  should  be  gradually  ap- 
plied only  after  the  full  speed  has  been  attained.  They  must  not 
be  overloaded,  or  they  will  be  brought  to  rest.  These  motors  have 
the  feature  of  maintaining  a  constant  speed  as  long  as  they  run. 

Polyphase  Induction  Motors*  which  can  endure  an  overload 
within  certain  limits,  lose  in  speed  as  the  load  is  increased,  but 
are  self-starting  even  with  a  load. 

Field  flagnets  of  Alternators  often  constitute  the  rotating 
part,  which  exposes  their  windings  to  a  certain  strain  and  wear, 
from  which  they  are  exempt  in  direct-current  machines.  But 
their  windings  per  pole  are  generally  lighter  than  in  direct  cur- 
rent machines,  which  operates  to  save  them  from  the  action  of 
centrifugal  force  and  shocks  and  strains  at  starting  and  stopping- 
If  sparking  appears  at  the  collecting  rings  and  brushes,  it  may 
be  due  to  periodical  breaking  of  the  field  circuit,  bad  material  of 
rings  or  brushes,  dirt  or  oval  rings.  If  the  trouble  is  in  one 
magnet  pole,  it  can  be  short-circuited  as  a  temporary  expedient. 

TwO'Pbase  Operation.— It  a  two-phase  station  is  operated  by 
two  single-phase  transformers  in  \>aT«A\^\  ^\V\v  ^^^\v  ^ther,  if  one 
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brealis  down  tbe  atatlon  must  be  run  on  one  phase  until  repairs 
are  effected  or  the  transformer  la  replaced  If  a  three  phase  eta 
tion  is  operated  by  tbree  single  phabe  transformers  in  mesh,  or 
delta  connection  and  one  breaks  donn  the  station  can  still  be 
run  three-phase  with  two  transformerR  althotifih  on  full  load  they 
will  be  greallj  oierloalpl 

Breakdowns  In  Transformers  seldom  occur  The  principal 
on.?  to  be  approhendfd  in  a  short  cirfuit  In  the  high  tension  wind 
Ing.  This  in  a  rtr\  transtormpr  will  slowh  carboni/e  tbe  insula 
tion,  and  short-circuit  S,  morp  or  less  considerable  part  of  the 
winding.  With  disk  wound  transformers  such  as  those  using 
pancake  coils,  this  trouble  is  mmimized  If  the  short  circuit 
operates  to  throw  many  turns  out  o£  action  the  potential  of  tbe 
low-tension  coils  will  increase  perceptihlj  if  such  are  the  sec 
ottdary  colls.  This  is  an  indication  of  trouble  which  will  be  seen 
OD  the  voltmeter  or  possibly  in  lamps  The  transformer  will  be 
caused  to  rise  in  tempeialure  and  will  pass  more  current  when 
unloaded  than  It  should  under  normal  conditions  If  it  is  a  step 
up  transformer  a  shoit  circ  lit  tn  the  high  tension  secondary  will 
lower  the  potent  al 

Care  of  Transformers  — These  must  be  kept  dr>  If  immersed 
In  oil,  tbe  oil  will  take  care  of  them  If  air-cooled  transformers 
are  to  be  stored  in  a  place  where  moisture  Is  to  be  feared,  chlor- 
ide of  calcium  may  be  placed  on  trays  or  saucers  inside  tbe  cases. 
This  has  to  be  renewed  as  it  gets  moist.  Quicklime  is  also  avail- 
able for  tbe  same  purpose  These  precautions  do  not  apply  to  dry 
Btorage  apartments  Dust  is  injurious  especially  to  oil  cooled 
transformers  as  it  tends  to  thicken  the  oil  Dust  mav  make  short 
circuits 

Transformers  long  out  of  use  must  be  started  with  the  precau 
tlons   exacted   for  new   ones 

As  lone  as  transformers  are  w  orklng  the>  should  not  be 
touched  If  am  thing  Is  to  be  done  to  them  they  should  be  dis 
connected  This  applies  especlully  to  operations  on  Ihe  high  ten 
sion  Bide   su  b  ab  putting  in  safety   fuses 

on  for  Filling  Transformers  lo  a  petroleum  product  Bpeciallv 
prepared  tor  the  purpose  It  should  have  a  \er\  hig,t  flaaii^^^ 
point      500     F     (260     C  )    13   gUen   a-*   a   pro?"   \.em\ie\&\'o.^'?   'sV 
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flash.  Before  pouring  it  into  the  tanks  of  the  transformers,  it 
should  be  heated  to  160°  F.  (71**  C.)  It  must  be  poured  or 
pumped  in  carefully,  and  must  be  kept  off  the  cable  ends.  It 
must  rise  over  the  tops  of  the  coils.  The  insulation  absorbs 
more  or  less  of  the  oil,  on  which  account  it  is  advisable  to  in- 
spect a  newly-filled  transformer  from  time  to  time,  to  see  if  it 
needs  more  oil.  After  three  or  four  weeks  all  should  be  absorbed 
that  will  be  taken  up.  Oil  filling  must  be  done  under  cover  if 
there  is  any  fear  of  water  getting  in.  Every  two  or  three  years, 
renewal  of  the  oil  is  advisable.  New  transformers  should  be 
inspected,  to  see  if  any  foreign  bodies  have  lodged  within  them. 
Such  should  be  removed. 

Moisture  in  Transformers  must  be  watched  for  carefully  in 
their  first  run  of  ten  or  twelve  hours,  as  any  present  is  expelled 
during  this  period  and  there  is  danger  of  its  collecting  into  drops. 
If  such  appear,  the  transformer  must  be  cut  out  of  the  circuit  and 
dried  as  well  as  possible  with  a  dry  cloth  or  blotting  paper.  After 
such  partial  drying  the  heat  of  the  core  will  complete  the  oper- 
ation rapidly. 

Inspection  of  Transformers. — Every  four  weeks  transformers 
should  be  inspected.  The  high-  and  low-tension  safety  fuses 
should  be  examined.  After  dusting  it  off  the  cover  should  be 
removed,  the  contents  cleaned,  and  the  capacity  of  the  safety 
fuses  should  be  noted. 

Short  Circuits  in  Transformers. — If  a  transformer  strikes 
across  from  high  tension  to  low  tension  or  to  the  case,  supposed 
in  this  instance  to  be  .grounded,  the  safety  fuses  should  melt 
and  cut  out  the  transformer.  Short  circuits  in  the  same  coil, 
which  are  generally  to  be  apprehended  in  the  high-tension  coils, 
are  not  so  easily  detected.  The  noise  of  the  transformer  is  apt 
to  increase  in  such  case,  the  oil  gets  hot,  and  the  iron  case  is 
warmer  than  usual  to  the  hand.  The  heat  impairs  the  quality 
of  the  oil.  The  transformer  should  be  disconnected  and  repaired. 
There  is  even  a  possibility  of  an  explosion,  as  the  heated  oil  may 
give  off  gas  enough  to  be  inflamed  on  the  melting  of  a  safety  fuse. 

Transformers  need  to  be  well  protected  from  lightning. 


CHAPTER  XXV. 

STATION   NOTES. 

Temperature  of  Dynamo  or  Motor,— It  is  not  easy  to  accurately 
determine  the  temperature  of  the  coils  of  a  machine.  The  best 
that  can  be  done  with  ordinary  appliances  is  to  put  a  thermom- 
eter as  well  in  contact  as  possible  with  the  part  to  be  tested,  and 
to  cover  the  place  of  contact  with  cloths  to  keep  in  the  heat.  The 
cloth  must  be  so  disposed  as  to  form  a  little  chamber  for  the 
thermometer  bulb.  The  temperature  of  122°  F.  (50°  C.)  is  given 
as  the  maximum  allowable. 

Cleaning  New  ilachine.— A  new  machine  should  be  cleaned 
before  being  set  at  work.  Chamois  is  a  good  material  to  wipe  it 
with,  as  it  leaves  no  threads  or  lint  hanging  to  the  bolt  heads, 
nuts,  and  screws  of  the  machine.  Dust  can  be  blown  out  of  inac- 
cessible parts,  as  among  the  end  wires  back  of  the  commutator, 
with  a  bellows.  Anything  in  the  shape  of  filings  may  go  to  short- 
circuit  adjacent  commutator  bars. 

Interchangeabllity  of  Parts  is  expected  almost  as  a  matter  of 
course  in  buying  a  standard  American  machine.  It  is  of  the 
.greatest  convenience,  and  often  of  the  greatest  importance,  to  be 
able  to  get  parts  on  short  notice.  But  the  moment  this  system 
acts  to  discourage  improvements,  it  exercises  a  sterilizing  effect. 
A  first-class  manufacturing  company  should  keep  in  stock  a  full 
line  of  parts  of  all  their  principal  machines,  but  the  inevitable 
accumulation  of  parts  should  not  discourage  the  course  of  im- 
provement. 

Cotton  Waste. — Never  use  cotton  waste  in  cleaning  a  machine, 
as  threads  from  it  will  catch  in  and  stick  to  the  commutator  and 
.other  surfaces. 

Access  of  Air. — Air  is  so  constant  a  cooling  agent,  that  free 
access  of  it  to  motors  and  dynamos  is  highly  to  be  recommended. 

439 
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Boxing  up  or  inclosing  in  closets  of  dynamos  and  motors,  except 
for  very  intermittent  service,  is  to  be  condemned. 

Oiling, — Before  starting  a  machine,  turn  the  armature  by  hand. 
This  will  disclose  any  friction.  This  precaution  should  be  taken 
for  generators  or  motors,  unless  they  are  in  such  constant  use 
that  the  operative  is  certain  that  their  oil  feed  is  in  perfect  order. 
Want  of  oil  will  wear  the  journal  boxes,  and  throw  the  armature 
out  of  center.  The  greatest  care  of  the  oil-feeding  apparatus  is 
requisite,  because  this  class  of  machinery  runs  at  high  velocity. 
The  best  and  purest  oil  should  be  used,  and  once  a  satisfactory  oil 
is  found,  its  use  should  be  adhered  to.  If  the  oil  is  fed  by  wicks, 
the  drip  of  oil  from  the  bearings  will  show  that  they  are  in  order. 
Oil  once  used  should  be  filtered  or  water-purified  before  being  used 
a  second  time.  Oiling  rings  must  be  watched  to  see  if  they  move 
^  properly  around  the  axle.  When  the  old  oil  gets  thick,  new  must 
be  added  after  drawing  off  the  old.  Before  adding  the  new  oil  it 
is  a  good  plan  to  wash  out  the  oil  trough  with  kerosene  oil.  A 
small   syringe  is  useful   for  this  purpose. 

Oil  should  carefully  be  kept  off  the  brush  holders,  commutator 
surface  and  wire  windings  of  field  and  armature. 

Ring  Oiling  is  much  used.  Rings  several  times  the  diameter 
of  the  axle  h  ^g  on  it.  Their  lower  portions  dip  into  a  tank  of 
oil.  As  th:;  b^aft  revolves,  they  travel  around  it  and  feed  oil 
to  its  upper  surface  from  the  tank  in  which  they  dip. 

Bearings,— If  new  machines  are  started  without  due  attention 
being  given  to  their  bearings,  heating,  burning  fast,  or  even  melt- 
ing (if  babbitted)  of  the  journals  is  liable  to  occur.  A  good 
plan  is  to  pour  kerosene  through  the  bearings  until  it  comes  out 
clean.  This  leaves  them  ready  for  lubrication,  by  washing  out 
dust  or  dirt  which  may  have  collected.  Too  stiff  or  tight  belts 
cause  heating  of  the  journals.  These  are  especially  to  be  antici- 
pated in  new  installations.  If  belts  have  to  be  tightened,  it 
should  be  done  slowly  and  a  little  cit  a  time,  with  periods  of  run- 
ning between,   until   they  are  just  right. 

Belts  too  tightly  stretched  may  even  occasion  melting  of  the 
bearings. 

Bearings  are  generally  so  constructed  that  with  proper  manage- 
ment  they  will  not  heat.    Insufficient  oil,  too  thick  oil  which  does 
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not  penetrate,  dizt  and  dust  selling  into  the  bearings,  are  causes 
of  healing.  Cleacing  with  kerosene  followed  by  the  application 
of  good  lubricating  oil  is  the  cure. 

Safety  Fuses  should  be  inspected  to  see  if  they  are  tightly 
screwed  down  or  clamped,  and  if  their  contact  faces  are  clean. 

InsulatJon  of  Windings. — Watch  for  bare  spots  or  weak  spots 
on  the  inaulation  of  the  wires  of  the  winding.  If  any  such  appear, 
they  must  be  taped  or  insulated  In  some  way. 

Broken  Wires,  even  if  thickly  Insulated,  can  be  detected  by 
the  feeling,  when  the  wire  is  slightly  bent  or  moved.  If  the 
in"feulatlon  shows  signs  of  burning  or  of  overheating,  a  fracture 
may  be  suspected  there. 

Soldering.— Never  use  acid  in  soldering  wires  together.  Anti- 
corrosive  soldering  fluxes  are  sold,  which  operate  on  Iron  and 
copper  as  well  as  acid,  and  whose  use  Is  not  toliowed  hy  any  bad 
after  effects  of  corrosion. 

Nalla,  Tacks,  and  Iron  FIIIhes  may  do  harm  by  being  at- 
tracted to  a  machine  by  Its  field  magnets.  Bronze  spanners  are 
recommended  in  place  of  iron  ones.  An  iron  object  suddenly 
drawn  to  the  field  may.  by  rubbing  against  the  armature  or  strik- 
ing the  screw  heads  or  windings,  near  the  commutator,  do  harm. 
Screws  In  Binding  Posts  and  connections  shcid  be  looked 
after;   inipeiallvely  so  if  their  color  indicates  oyeineatlng. 

Covering  Machines,  dynamos  and  motors  when  not  running  is 
recommended. 

Emergency  and  Danger  Signals. — A  sudden  rise  of  voltage 
or  of  EUrrenf,  sudden  sparking  at  the  commutator  or  elsewhere, 
heating  of  "the  windings,  or  smell  of  healed  Insulation  should  be 
a  danger  signal,  and  the  current  should  be  cut  off  from  the  ma- 
<^lne  showing  any  such  manifestation.  A  working  test  of  dan- 
gerous heating  is  the  ability  of  the  hand  to  stand  it.  -If  the 
band  can  he  held  on  the  windings,  they  are  reasonably  safe  from 
overheating.  For  each  dynamo  the  allowable  heating  should  be 
learned,  so  that  hy  holding  the  hand  on  It.  any  unusual  heating 
can  he  deiected. 

In  throwing  open  the  main  switch  In  such  a.  case,  do  It  quickly 
to  avoid  arcing,  and  have  the  engine  watched  to  prevent  Its  racing 
■  the  load  is  taken  off. 
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If  a  safety  fuse  blows  out,  do  not  put  in  a  new  one  until  the 
cause  of  the  blowing  out  is  known  and  overcome.  Always  use 
the  regular  fuse  wire.  Never  substitute  anything  except  in  emer- 
gency. 

Keep  all  switches  perfectly  clean  as. regards  their  contact  sur- 
faces especially. 

Whenever  a  machine  goes  out  of  action,  it  should  be  examined 
and  cleaned.  If  any  oil  has  fallen  on  the  coils,  it  should  be  wiped 
off,  and  oily  places  generally  should  be  cleaned.  Dampness  is 
bad  for  machines,  and  dripping  water  may  make  dangerous  short 
circuits. 

Rheostats  and  resistances  are  often  strongly  heated  in  use,  so 
no  combustible  substance,  oily  waste  especially,  should  be  allowed 
near  them. 

Forgetfulness  and  Negligence  are  justly  said  to  be  the  cause 
of  many  troubles.  Thus,  in  stopping  a  motor,  or  in  case  cur- 
rent is  cut  off  without  notification,  it  is  absolutely  necessary  to 
bring  the  handle  of  the  starting  box  back  to  the  starting  position, 
so  as  to  throw  in  the  full  starting  resistance  in  series  with  the 
armature,  to  save  it  from  burning  out  when  the  current  is  again 
turned  on. 

Keep  One  Hand  in  Your  Pocket  is  an  old  and  a  good  rule  to 
follow  when  working  around  motors  and  dynamos.  If  good  new 
India-rubber  shoes  are  worn,  the  safety  is  increased.  When 
work  must  be  done  around  a  high-tension  active  machine,  such 
precautions  as  wearing  India-rubber  shoes  are  eminently  proper 
and  not  at  all  extreme. 

Treatment  of  Electric  Shock. — The  first  thing  to  be  done 
when  a  man  is  injured  by  contact  with  an  electric  circuit  is  to  get 
him  out  of  contact  therewith.  If  possible,  open  the  circuit  or 
stop  the  generator.  Drag  the  man  away  from  the  conductor  or 
conductors.  Do  not  touch  his  hand  or  any  part  of  his  skin  in 
doing  this,  handling  his  clothes  only.  If  they  are  wet,  throw  a 
dry  towel  or  other  cloth  over  them  before  touching  thein.  Other- 
wise, the  one  helping  may  be  shocked.  Especially  dangerous  is 
touching  the  surface  of  the  body  directly. 

A  physician  should  be  called  as  quickly  as  possible.  It  is  a 
S'rave  responsibility  to  neglect  t\i\a.    Do  your  utmost  to  rescue 
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the  man,  but  get  professional  help  instantly  or  as  soon  as  prac- 
ticable. 

If  the  man  is  in  contact  with  one  conductor  and  cannot  be  re- 
leased»  break  the  ground  connection  of  his  body.  Push  coats,  a 
blanket,  wooden  boards,  and  the  like  under  him.  In  doing  this, 
stand  upon  a  dry  board  or  coat;  if  you  have  them,  put  on  India- 
rubber  gloves  before  handling  even  his  clothes.  When  thoroughly 
insulated  from  the  ground,  the  rescuer  can  try  to  open  the  man's 
hand  if  that  is  cramped  upon  the  conductor.  This  is  very  dan- 
gerous unless  India-rubber  gloves  are  worn  or  a  dry  towel  is 
used  to  protect  the  one  doing  it. 

The  two  leads  can  be  short-circuited  by  throwing  a  chain  or 
bare  wire  across  them.  This  undoes  the  effect  of  a  ground.  It  is 
a  rather  desperate  thing  to  do. 

When  the  senseless  man  is  free  from  the  contact,  remove  cloth- 
ing from  around  his  neck  and  his  waist,  so  that  he  will  be  free 
to  exercise  his  breathing  organs  and  muscles  of  the  trunk  and 
diaphragm.  He  is  then  to  be  treated  as  if  he  were  to  be  resusci- 
tated from  drowning.    Artificial  breathing  is  to  be  started. 

Place  him  on  his  back,  with  a  pillow  or  other  support  under 
his  neck  and  shoulders,  not  under  his  head.  His  head  will  drop 
back,  and  the  top  will  almost  touch  the  floor.  Open  his  mouth 
and  hold  it  open,  seize  the  tongue  between  flnger  and  thumb 
with  a  handkerchief  between,  and  draw  it  slowly  forward.  The 
root  of  the  tongue  must  move  outward  as  this  is  done.  It  is 
useless  to  merely  elongate  the  tongue  itself.  When  satisfied  that 
this  action  has  taken  place,  let  the  tongue  slowly  go  back.  Repeat 
this  double  movement  about  fifteen  times  a  minute. 

While  this  is  being  done,  a  second  person  can  assist  the  breath- 
ing by  moving  the  arms  up  and  down.  He  should  kneel  back 
of  the  man's  head  with  face  toward  him,  seize  his  arms  at  the 
forearms,  press  them  strongly  against  the  breast-bone,  and  then 
lift  them  slowly  in  the  arc  of  a  circle  over  his  head,  and  after 
a  short  pause  return  them  and  press  them  against  the  chest 
again. 

Let  the  man  manipulating  the  tongue  call  "one"  as  he  draws 
the  tongue  forward.    The  arms  are  now  pressed  against  the  c.\\«a»t.. 
This  represents  expiration  of  the  breath..    "Tl'wo"  Va  ^^\\fc^,  ^sjA 
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the  tongue  is  slowly  allowed  to  go  back  and  the  arms  are  raised 
as  described.  This  represents  inspiration.  Again  "one"  is  called, 
and  the  tongue  is  drawn  out  and  the  arms  returned.  Thus  every 
four  seconds  the  double  movement  is  repeated,  arm  motion  and 
tongue  motion  keeping  time  with  each  other. 

It  is  easy  to  experiment  with  one's  ov/n  tongue,  and  thus  study 
the  effect  of  manipulating  it.  It  will  be  found  that  a  drawing 
down  over  the  chin  as  well  as  outward  opens  the  windpipe. 

The  first  sign  of  resuscitation  is  natural  inspiration.  See  that 
the  tongue  is  drawn  forward,  so  as. not  to  hinder  the  access  of  air 
to  the  lungs.  By  no  means  pursue  the  movement  of  expiration 
until  the  incipient  natural  inspiration  is  completed.  Keep  the 
arms  raised  and  tongue  drawn  forward  until  it  ceases.  Then  re- 
peat the  expiratory  movement.  Do  not  get  excited,  but  do  all 
slowly  and  with  clocklike  regularity.  When  he  breathes  regu- 
larly, he  may  be  brought  into  a  more  upright  position,  and  re- 
moved to  a  bed  or  other  better  resting  place.  Before  this  a  phy- 
sician should  be  at  hand  to  treat  him  further. 


CHAPTER  XXVI. 

SWITCHBOARDS. 

Switchboards. — These  are  vertical  partitions,  generally  made 
of  marble  on  one  side  of  which  are  installed  rheostats  huabars 
voltmeter  gwitche=  and  connectionii  of  -itation  apparatus  and  on 
whose  oilier  side  are  installed  handles  for  operating  the  rheostats 
and  voltmeter  switches  automatic  cut outa  safetj  fuses  switchea, 
voltmeters    and   olher   appliances 

The  general  si  item  Is  to  make  the  switchboard  In  panela  Eacb 
panel  is  about  two  feet  wide  and  six.  to  eight  feet  high  It  stands 
vertically  being  suppoited  bj  braces  at  its  top  lunnmg  back  to 
the  v,a,U  of  the  buildmg  thus  having  a  space  behind  it  so  that 
ita  back  is  acceasible  An}  desired  number  of  panda  are  Joined 
aide  by  side 

Panels. — Of  panels  there  are  various  kinds  Some  are  for  mo- 
tor control  others  tor  dynamo  running  othera  for  operating  the 
outer  ciTLUit  others  for  storage  battery  charging  and  the  like 
As  man\  as  are  required  by  the  station  ate  set  tip  side  by  side, 
so  as  to  present  a  long  front  The  variety  of  panel  choaen  de^ 
pends  on  the  worK  it  is  to  do 

The  description  of  a  switchboard  l&  little  more  than  a  deacrlp 
tlon  of  the  apparatua  which  it  carriea  Bveri  engineer  muat 
study  the  switthboards  in  hia  own  station    as  the  varieties  are 


The  Oeneial  Electric  Tompany  manufacturea  a  line  of  standard 
panels  which  are  so  varied  !n  design  as  to  rover  almost  any  de- 
sired case 

The  front  and  rear  views  of  a  generator  switchboard  panel  are 
given  in  Figs  316  and  317  Toward  the  bottom  are  triple  con 
tact  switches  which  close  both  leads  of  the  clicuit  and  alao  the 
equalizing  condiietor  If  cnmpoiind  dynamos  \ti  paia\\<'\  a.\e-  ^^^^ 
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On  the  real   the  horizontal  flat  conductors 

sldea  of  the  rear  view  are  seen   rheostats  operated  by  handles  in^ 

Iront.    Voltmeters  are  placed  near  the  top.    The  central  connection 


le  switches,  intended  for  the  eqiiallKer,  Is  left  unconnected  If 
generators  controlled  by  Ihem  are  shunt-wound.  Reference 
here  be  made  to  page  403,  Bho'N\i>&  ^"^e  use  of  the  eqaallzei.  j 
'Jtebboarcl  panels  are  TiameA,  iiom  \-\ve\T  w 
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ela  or  feeder  panels,  and  also  from  the  current  they  are  arranged 
for,  whether  direct  or  alternating. 

Air  Switches. — OC  these  there  are  a  large  variety.  The  prin- 
oipal  working  contact  made  by  closing  !hem  Is  a  knife-edge 
contact,  made  hy  a  thin  copper  bar  on  the  switch  going  edgewise 
between  two  leaves  of  copper  that  spring  againKt  It.  This  makes 
one  of  the  hest  kinds  of  connection,  but  in  breaking  it  an  arc  la 
apt  to  form.  To  prevent  this,  switches  are  often  provided  with 
auxiliary  contact  blocks  of  carbon.  These  are  so  arranged  as  to 
be  the  first  to  make  and  last  to  open.  An  arc  between  carbon  sur- 
faces will  not  draw  out  as  will  one  between  metal  surfaces,  and 
if  it  does  form,  it  does  no  harm.  Metal  electrodes  are  burned  and 
rapidly  injured  by  ares.  The  subject 
cornea  up  again  under  the  automatic 
circuit  breakers. 

Fig.  318  shows  a  two-pole  knife- 
blade  switch  (or  use  on  switch boardb 
It    has    mefallit    contacts    only 

Oil  Switches  —To  avoid  the  for 
tnatlon  of  arcs  and  lo  Insure  definite 
opening  of  a  circuit  when  the  switch 
is  opened  oil  switches  are  employed 
These  haie  the  part  of  their  meth 
anfsm  which  opens  and  closes  the 
circuit  Immersed  in  oil  This  fea 
ture  in3ure«i  definite  action  and  la 
particularly  applied  to  high  voltage  alternating  current  switches. 

The  principle  of  construction  ii  shown  m  Fig  319  On  the 
right  and  left  hand  are  seen  two  metallic  rods  which  descend 
through  insulating  blocks  and  carry  springs  at  tbeir  lower  end 
projecting  therefrom  Through  an  insulating  block  another  me- 
tallic rod  descends  between  these  two  and  carries  at  its  lower  end 
a  croBS  piece  with  beveled  carbon  contacts  C  C,  facing  upward. 
This  rod  moves  up  and  down.  It  is  connected  to  one  lead  of  the 
circuit;  holh  side  rods  are  connected  to  the  other.  When  the 
central  rod  is  raised,  its  carbon  blocks  enter  between  the  springs 
and  make  the  contact,  closing  the  circuit.  When  lowered,  it  q-j^^* 
the  circuit.  A  tank  of  oil,  indicated  in  ssecWow.  'wv  'Civ'ft  Ci.Nsk.'St^'sa.- 
ififHlns  oil  in  which  the  meclianiam  sho-wti  \¥.  \totsvs5^*^*^- 
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The  tank  is  placed  behind  the  switchboard.    A  handle  on  the 
front  of  the  switchboard  raises  and  lowers  the  central  rod. 

Overload  and  Underload  Cut-Outs. — These  are  of  two  types, 
safety  fuses  and  mechanical  cutouts.     The  subject  is  more  ac- 
curately treated  than  formerly,  and  cut-outs  are  now  expected  to 
operate  with  a  high  degree  of  accuracy.     In  ordinary  parallel 
circuits  overload  cut-outs  are  placed  so  as  to  open  their  portion 
of  the  circuit  if  the  current  becomes  too  strong.     In  series  cir- 
cuits the  cut-outs  are  arranged 
to   operate   by    short-circuiting 
any    lamp    which    may   be   ex- 
tinguished.    The    object    is    to 
preserve  the  continuity  of  tha 
circuit;   it  is  exactly  the  oppo- 
site of  the  function  of  a  paral- 
lel-circuit cut-out.     The  under- 
load  cut-out    operates   to   open 
a     circuit    when    the    current 
weakens,  ceases,  or  is  reversed. 
Such   an   appliance   is   used  in 
charging  storage  batteries.     If 
the  current  falls  to  zero,  it  in- 
dicates  that   the   counter   elec- 
tromotive force  of  the  battery 
IS   equal    to   the    electromotive 
force    of    the    charging    appli- 
ance  or   circuit,    and   there   is 
danger    that    it    may    increase, 
when  current  would  flow  back  from  the  battery  and  discharge  it. 
The  underload  circuit  breaker  opens  the  circuit  as  the  current  falls 
to  zero.     Cut-out  and  circuit  breaker  are  practically  synonymous. 
Safety    Fuses    are   strips  of   fusible   metal,   whose   resistance 
will  develop  heat  enough  to  melt  when  a  current  goes  through  it 
too  strong  for  the  rest  of  the  circuit.    An  ordinary  type  of  fuse  is 
a  wire  or  strip  of  a  specified  cross  section  and  length  with  ears 
at  the  ends  by  which  it  is  screwed  down  to  the  circuit  terminals. 
A  very  usual  system  is  to  mount  it  on  a  block  of  porcelain.    The 
Jff^s  or  ears  at  the  ends  sho\\\(\  >>e  eX^^xv.  \i^lQx^  M  Va  Inserted. 


Fio.  319.-OIL  Switch. 
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They  may  be  scrape 
before  beiog  put  in 
ed  should  also  be  b 
must  be  exercised  I 


I  with  a  knife  or  may  be  filed 
lace.  The  terminais  to  which  they  are  i 
ight.  In  screwing  the  screws  in  or  out 
avoid  making  a  short  circuit  with  the 


driver.  Sometimes  the  fuse  is  mounted  in  a  screw  cap.  and  la 
screwed  on  a  plug  in  somewhat  the  way  an  incandescent  lamp  ia 
screwed  to  its  socket.  Screwing  the  cap  Into  place  makes  the  con- 
tact of  the  ends  of  the  switch  with  the  circuit  terminala.    The 


/;-F"7*9=-=^^ 


HOLDHB. 


Sing  cut-out,  aa  it  Is  called,  ia  a  very  safe  form.  If  the  short 
circuit  still  exists,  the  socket  being  screwed  in  the  plug  will 
Blmply  blow  out  again  without  the  operator's  incurring  any  dan- 
ger. The  inclosed  fuse  ia  a  fusible  wire  or  metal  strip  embedded 
to  porous  non-combustible  material  within  a  tube.  It  Is  sprung 
Into  place  between  clips  in  some  constructions,  which  is  a  very 
convenient  and  safe  arrangement.  The  fuse  being  protected  from 
tbe  air  is  supposed  to  be  more  conetant  in  its  action  than  Is  yc*. 
fuse.     It  ia  also  claimed  that  It  flooa  twA  Vio-s  ^j's.^-  ^^^ 
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quickly,  requiring  a  seDSlble  time  to  fuse.  This  is  an  adrai 
genentlly.  as  an  excess  of  current  lasting  only  a  secand  dot 
harm.  The  tufe  does  its  work  better  i[  It  is  a  little  slow  a 
blowing  out  than  if  it  yields  Instantly.    The  inclosed  fuse 


FlG.3!3— r.T.E.  OTEfir.ti 


a  Circuit  Drbakeb. 


not  throw  melte<i  metal  about,  whicli  is  another  advantage, 
closed  fuses  in  and  out  of  their  clips  are  shown  in  Figs.  320 
"21,  A  small  wire  in  parallel  with  th'^  ni^.ln  .use  is  ex^ci, 
a  little  circle  seen  on  the  aurfacp  nf  the  fuse  case.  If  the 
-lelts  this  also  nclls,  ;.o  l^.at  t'.,.  operative  knows  wiat  has 
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verload  Circuit  Breakers.— Tbese  are  switches  operateiJ  bf 
:tro-masnets  directly  or  indirectly,  so  as  to  open  it  tlie  cur- 
t  becomes  too  strong. 

'he  cnt.  Fig.  322,  shows  a  section  of  tbe  I.  T,  E.  circuit  breaker, 
lae  initials  stand  for  inverse  time  element.  The  instrument 
ihown  with  the  switch  closed,  and  connection  made  by  knite- 
ie  contact.  The  switch  arm  is  pivoted  at  the  bottom  and 
■ks  in  a  vertical  plane.  When  it  is  pushed  up  into  the  vertical 
ition  as  shown,  it  is  held  there  by  a  catch,  seen  just  below  the 
die.  The  upper  end  is  forced  outward  by  a  horizontal  plunger 
lated  by  a  spiral  spring.  This  is  contained  in  a  tube  at  the 
at  the  apparatus.  In  tbe  illustration  part  of  the  tube  is 
a  broken  or  cut  away,  s»  as  to  show  the  plunger.  The  full 
rent  goes  through  the  magnetizing  coil  back  of  the  pivoted 
tchbar.  The  plunger  armature  of  the  coil  is  shown  partly 
iw  it.  and  with  its  upper  end  within  it.  Above  the  armature 
ome  distance  from  it  is  a  rod  which  if  lifted  trips  the  catch 
ich  holds  the  swltchbar  in  place.  Its  upper  end  bears  con- 
igainst  or  almost  touches  the  back  of  the  catch.  If  the 
oecomea  too  strong,  the  armature  is  drawn  upward  with 
■easing  velocity,  and  strikes  the  loose  plunger  a  sharp  blow, 
ing  it  upward.  This  releases  the  swltchbar  by  tripping  tho 
li.  The  horizontal  plunger,  forced  out  by  its  spring,  pushes 
swltchbar  backward,  breaks  the  knite-blade  contacts,  and 
bar  falls  back  into  a  position  about  45°  above  the  horizontal, 
ing  on  the  bracket  or  stop  seen  behind  It.  The  position  of 
armature  is  regulated  by  a  screw  below  it  with  jam  nut,  al! 
Which  is  shown  in  the  cut.  This  can  regulate  the  circuit 
Lker  so  that  It  will  open  at  different  current  strengths. 

is  evident  that  the  greater  the  excess  of  current,  the  more 
dly  will  the  opening  occur.    The  armature  is  more  strongly 
acted  as  it  rises.     Therefore  a  very  small   excess  of  current 
operate  it.  because  if  a  current  is  strong  enough  to  lift  the 
Iger  from  Its  seat,  it  will  act  upon  it  more  energetically  from 
moment  It  leaves   its  seat  and   rises   toward  tlie  toW. 
iie  cIrcuU  breaker  sbown  in  Pig,  322a  operates  oti,  ^  aVK^gcv^-M 
rvnt  principle.     If   tbe    handle    proJecUns   *.o    *>-^   tV'givX    ^ 
?d  upward,   tbe  circuit    Is  opened.     Two    coiv\.a,i^V'=>,    '^^'^ 
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metal  and  one  oF  carbon,  the  carbon  placed  directly  above  the 
metAl  contact,  are  opened  if  the  handle  Is  puahad  up.  The  con- 
taclB  are  shown  closed  in  the  lull  lines  of  the  cut.  The  dotted 
lines  show  the  position  of  the  movable  parts  of  the  contacts 
when  they  are  opened  by  pushing  up  the  handle.  The  circuit 
can  be  opened  and  closed  by  hand.    To   give  It  the  overload  . 


Via.  di!ia.—G. 


automatic  action  an  electro-magnet  Is  attached  to  the  base  of  the 
apparatus,  which  attracts,  when  excited,  a  pivoted  armature.  \ 
When  attracted  it  flies  up,  strikes  the  handle,  driving  it  up,  and 
opens  both  contacts,  the  carbon  one  laet.  The  pivoted  armature 
Is  seen  In  the  cut  lust  below  the  switch  arm  and  electro-magnet. 
An  adjusting  screw  is  provided  to  adjust  It  to  act  at  any  desired 
current  within   the  range  of  Ua  acUon.  i 

Underload  Circuit  Breakers  ate  dea\6ae4  \a  o^eo.  ^  t^tanlt  I 
if  the  current  weakens  This  \b  oitea  T«i\tt^'>^*-  •awcVsiSN.-j  Ns^ 
'^'trglas  Storage  batteries.     A  sieateiAua  ol  <&«  '!«t«*.  'a-'^ 
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cates  inereaaed  counter  electromotive  force  in  the  liattery.  If 
this  Increases  beyonil  a  certain  amount,  the  battery  will  discharge 
itself  through  the  (iynamo  and  drive  the  latter  as  a  motor. 

Magnetic  Release  Underload  Circuit  Breaker, — This  is  a  form 
used  often  on  motor  starting  boxes,  as  explained  elsewhere.  The 
lIluBtration,  Fig.  323,  shows  a  switch-arm  held  In  place  tiy  an 
electro- magnet  against  the  attraction  of  a  spring  which  pulls  it 
back.  A  series  of  contact  studs  are  shown.  In  the  position  shown 
In  the  cut.  one  is  under  its  "end.  and  current  goes  through  the 
magnet.  If  the  current  weakens,  tie  Spring  will  prevail  and  will 
jerk  the  handle  back  and 
open  the  circuit.  The 
spring  Is  not  drawn  of 
the  full  length.  Often  a 
spiral  spring  like  a  heavy 
clock  spring  is  used  at 
the  pivot  end  of  the 
switchbar  Instead  of  such 
a  one  as  that  in  tho 
figure. 

Meclianlcal  Kelea§e 
Underload  Circuit 
B  r  eakers.— These  are 
conetrueted  on  the  lines 
of  the  overload  circuit 
breaker  just  described. 
The  principle  is  shown  In 
Fig.   324.     A  pivoted  bar 

carrying  an  armature  R  is  held  In  the  position  shown  in  the 
dotted  lines  against  a  spring,  omitted  In  the  cut,  by  a  magnet  M 
actuated  by  the  working  current.  When  the  current  ceases,  the 
magnet  releases  its  armature,  which,  drawn  back  by  the  spring, 
trips  the  catch  a  and  releases  the  switchbar.  Often  both  overload 
and  underload  coils,  each  with  its  own  tripping  mechanism,  are 
embodied  in  the  same  switch.  To  release  at  no  load,  the  Ttissi«t 
la  In  series  with  the  main  current.  A.t  \.\ie  ^KaSV*  ^'^^^  "^^  "^^ 
awltcbbar  is  a  pivoted  lever.  ThlH  is  puWeA  \>acVto-^  >!«&.*.  """^^ 
Oe  switeb  Ig  to  be  set.     Its  projecWns  eni  ^^a'^aa  xv©  "^^ 
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so  that  its  armature  R  is  pushed  up  against  the  magnet  M.  The 
catch  a  then  locks  and  the  pivoted  lever  at  H  drops  out  of  action 
A  is  a  metal  contact  and  B  B  are  carbon  contacts.  The  contact  A 
opens  first,  and  then  B  B  open.  This  breaking  the  contact  on  car 
bon  is  done  to  avoid  the  formation  of  a  metallic  arc  on  th( 
break,  as  spoken  of  in  the  case  of  switches. 

Reverse  Current  Circuit  Breaker.— In  this  type  the  contact  ii 
kept  closed  as  long  as  a  difference  of  potential  exists  on  the  line 
although  it  may  be  on  open  circuit.  A  shunt  coil  surrounds  th( 
magnet  core,  to  give  the  reverse  current  release.  If  any  potentia 
difference  is  maintained  on  the  leads  of  the  circuit,  a  currem 
goes  through  the  shunt  circuit  and  keeps  the  magnet  excited,  s( 
that  it  cannot  release  its  armature.  A  reversal  of  current  de 
magnetizes  it  for  an  instant;  during  the  change  of  polarity  th( 
armature  drops  and  strikes  the  switch  bar  catch.  The  bar  drops 
and  opens  the  circuit. 

Combined  Circuit  Breakers. — It  is  very  usual  to  combine  tw( 
circuit  breakers  in  one,  an  overload  and  underload  one,  both  actu 
ated  by  the  same  outer  circuit.  Such  circuit  breakers  as  showi 
in  Figs.  322  and  324  are  often  combined  in  one. 

Other  contacts  than  the  knife  blade  are  used.  Sometimes  t 
series  of  leaves  of  laminated  copper  slightly  bent,  something  like 
a  carriage  spring,  are  arranged  to  make  contact  by  pressing  theii 
ends  against  a  flat  surface  of  copper. 

Circuit  Breakers  as  Switches. — Frequently  circuit  breaken 
are  used  as  switches,  regular  switches  being  dispensed  with 
Whole  switchboards  are  fitted  up  in  this  way. 

Alternating  -  Current  Potential  Regulator. — This  consists  oJ 
an  induction  coil  whose  secondary  is  tapped  at  a  number  of  points. 
For  each  tap  a  contact  is  provided  on  the  dial  face  of  the  appar- 
atus shown  in  Fig.  325.  The  contacts  are  arranged  in  a  circle, 
and  an  arm  turns  on  the  same  center,  so  as  to  make  connection 
with  them  in  so  doing.  The  arrangement  forms  a  multipoint 
switch.  By  cutting  in  or  out  parts  of  the  secondary  by  means 
of  this  switch,  the  potential  of  the  secondary  circuit  is  changed. 

The  potential  of  feeders  is  coxilxoW^^  X^u  W^fc  Te^ulator,  which 
adds  its  voltage  to  that  already  Vm^x^^-a^^  \ys  XXs^a  'aS\."<5rBaXss 
tjpon  the  feeder  circuit. 
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Reversing  switches  are  provided  on  the  faces,  so  that  the  poten- 
tial of  the  regulator  may  work  in  counter  and  lower  the  voltage 
of  the  feeder  circuit  if  this  effect  is  required. 

One  lead  from  the  generatnr  bus-bar  goes  straight  to  the  dis- 
trict. The  other  lead  goes  to  the  reversing  switch,  and  passes 
through  some  of  the  turns  of  the  secondary  of  the  regulator  coll. 
The  number  it  passes  through  depends  upon  the  position  of  the 


PlO,  32S.— ALTIRVAVINa 
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multipoint  switch  bar.  If  the  switch  Is  set  In  one  direction,  the 
regulator  adds  potential  to  the  circuit.  If  set  in  the  other  dlrec- 
lion,  it  subtracts  potential.  The  primary  coll  Is  connected  across 
the  two  main  leads  before  the  regulator  Is  reached. 

In  some   stations  the  generator   is   run   at   potential   sufflclent 
only   for  the  line  having  the  smallest   drop,  and  regulators  are 
used  to  add  to  it.    The  action  Is  like  that  of  boosters  In  direct. 
current  work.     Sometimes  the  original  polentlaX  \a  «itfw.¥S>-  ^'i^  "^^ 
blgbest  drop  of  the  system,  and  the  regulalot  -wM^i.  xCT't^^eA  wsX'"*!. 
lowers  It,  acting  like  a  crusher  in  direct-cuTienl  "WotIs.. 
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Direct-Current  Ground  Indicator. — If  two  wires  of  a  lighting 
or  power  circuit,  sliown  in  Fig.  326,  are  connected  with  each 
other  through  two  lamps,  LL,  each  one  of  the  voltage  adapted 
to  the  circuit,  they  will  show  a  dull  red.  This  is  because  being 
in  series  they  will  receive  far  too*  little  current.  Their  com- 
bined voltage  is  twice  that  of  the  circuit.  From  the  conductor 
at  C  between  the  lamps  a  connection  f  is  made  to  the  ground. 
A  ground  plate  or  water  pipe  may  be  used*  for  this  purpose. 

If  there  is  no  ground  upon  the  circuit,  the  lamps  will  take  one- 
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half  their  normal  current,  and  will  show  a  dull  red  as  described. 
If  a  ground  should  occur  on  either  line,  one  of  the  lamps  will  be 
short-circuited  by  the  accidental  ground  and  the  ground  between 
the  lamps  and  will  decrease  in  brightness,  while  the  other  will 
increase  perhaps  nearly  to  its  normal.  Generally  speaking,  the 
lamp  which  is  reduced  in  illuminating  power  is  the  one  connected 
to  the  grounded  line. 

Alternating  -  Current  Ground  Indicator. — Alternating-current 
lamps  in  permanent  connection  ate  "not  la.NOT\l^  ^ound  indicators, 
as  they  necessitate  the  grounding  oi  l\i^  e\Tc\3\\.,   ^i  ^.  ^^WsSc^  ^\A 
transformers  Jamps  can  be  arranged  \.o  ^^o^  ^  ^ox«A  ^x^^-^^^^t 
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the  switch  is  closed.  The  arrangements  are  shown  in  the  dia- 
grams, Figs.  327  and  328.  One  embodies  the  use  of  two  coils  and 
two  lamps,  L  L;  the  other  that  of  a 
single  lamp,  L.  The  grounding  is 
indicated  by  T.  The  single-lamp 
arrangement  does  everything  which 
the  double-lamp  arrangement  does. 
Ground  Alarm.— Neither  of  these 
is  an  alarm  properly  speaking.  They 
disclose  nothing  until  the  switch  is 
closed.  This  is  an  undesirable 
feature.  The  next  arrangement, 
Fig.  329,  is  a  constant-alarm  appar- 
atus. At  C  C  are  two  plates  of 
metal  forming  condensers.  They 
are  connected  through  m  n  as  shown 
with  a  telephone  t  on  the  line  going 
to  the  ground  T.  As  long  as  there 
is  no  ground  on  the  line,  no  cur- 
rent   goes    through   the    telephone. 

If  a  ground  occurs,  a  current  goes  through  it,  causing  it  to  pro 
duce  a  humming  sound  loud  enough  to  be  heard  through  a  good 
sized  room. 


^S^ 


Fig.  329.— Tblbphonio 
Ground  Indicator  for  Alt 
tbrnatino  cubbbnt  circuit. 


CHAPTER  XXVII. 

VOLTMETERS  AND  AMMETERS. 

The  Voltmeter  is  a  galvanometer  whose  scale  is  graduated  to 
read  directly  the  potential  difference  at  its  terminals  in  volts. 
Certain  conditions  which  it  has  to  fulfill  are  determined  by  the 
use  it  is  to  be  put  to.  It  must  be  so  constructed  as  to  give  the 
voltage  between  different  points  of  a  circuit  over  which  a  cur- 
rent is  passing.  This  it  must  do  without  affecting  appreciably 
the  current.  As  it  has  to  be  connected  in  parallel  with  the  por- 
tion of  the  circuit  to  be  tested,  it  follows  that  a  certain  propor- 
tion of  the  original  current  will  pass  through  the  voltmeter,  and 
the  main  current  will  be  diminished  by  that  amount.  Therefore 
it  must  operate  with  an  exceedingly  small  current — one  so  small 
that  it  will  count  for  nothing. 

Voltmeters  are  used  principally  in  engineering  practice  and 
on  reasonably  large  current  circuits.  The  current  which  goes 
through  the  voltmeter  in  such  cases  is  treated  as  infinitely 
small.  Other  cases  arise  in  laboratory  practice  where  the  cur- 
rent passing  through  the  coil  of  the  instrument  has  to  be  taken 
into  consideration. 

One  type  of  voltmeter  is  actuated  by  coils  of  wire  through 
which  a  very  small  current  passes.  The  wire  of  the  coil  is  ex- 
ceedingly thin,  and  the  apparatus  is  so  delicately  made,  balanced, 
and  journaled  that  it  operates  under  the  effect  of  an  almost  infin- 
itesimal current. 

The  elements  of  the  Deprez-D'Arsonval  galvanometer  embodied 

,     in  a  portable  instrument  constitute  the  essential  parts  of  the 

I     voltmeter  generally  adopted  in  American  practice.     The  field  is 

established  by  permanent  magnets,  with  a  circular  opening  be- 

tween  the  poles  for  the  coil  to  To\^al^  Nxi.   ^VCc^Va.  XJc^^b  ^^\\,  wid 

concentric  with  it  and  with  tlie  cy\\TL^^Vc»\  ^^«tAxi%,  v^  ^  ^-^w^^'st 
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Df  Iron  which  operates  to  reduce  th«  air  gap  thereby  intensifymg 
the  magnet  field  The  iron  cylinder  is  fluted  in  position  This 
leaves  an  annular  or  ringahaped  opening  between  the  core  and 
the  pole  pletea  uno_b&tructed  except  where  the  support  of  the 
core  comes  This  only  talies  up  a  few  decrees  of  the  circle  The 
coil  turns  in  this  space  In  Fig  330  SS  and  NN  mdicale  the  field 
poles  PPthe  pole  piece*)  and  the  eylindncal  core  is  shown  be- 
tween them  The  lOll  is  also  indicated  It  moves  freely  in  the 
BPBce  between  core  and  pole  pieces  touching  neither  There  Is 
no  difficulty  with  the  core  support  because  the  coil  never  turns 
through  a  full  halfcirile  and  therefore  neier  touches  ttie  sup 
port  To  understand  clearh  the 
relations  of  core  coil  and  pole 
pieces  Fig  468  on  page  611  may 
be  referred  to  This  shows  the 
Deprfiz  D  Arson val  galvanometer 
in  which  the  same  system  of 
Held  stationary  core  and  re- 
volving loil  is  used  that  appears 
in  the  type  ot  voltmeters  de 
Beribed  here 

In  old  practice  the  voltmeter 
Was  a  high-resistance  galvanom- 
eter with  a  compass  needle  actu- 
ated by  the  earth's  field  and  by  the  coils  of  the  instrument.  Sucli 
a  galvanometer  had  to  be  plac«d  horizontally  with  its  needle  in 
tte  magnetic  meridian  when  no  current  was  passing.  The  mod- 
ern instrument  is  independent  of  the  earth's  field,  so  that  it  can 
its  set  up  without  regard  to  the  points  of  the  compass,  and  ver- 
tically or  at  an  angle. 

Weston's  Voltmeter.— This  instrument  is  very  extensively 
used.  Its  moving  part  is  a  small  rectangular  coil  of  wire  car- 
ried on  a  shaft  whose  ends  are  supported  by  ]eweled  bearings. 
Po  the  ends  of  the  shaft  are  attached  the  inner  ends  of  spiral 
iprlDgB,  exactly  like  the  balance  or  hair  spring  of  a  watch.  The 
miM  are  Inniilated  from  the  axle  to  wbicti  tlie^  HTfe  B.\'sa.'*.e.*i,  'saSv 
ue  end  of  the  coil  wire  Is  connected  to  ftie  ^Tiufc^  t-ai  t>\  o^* 
rlnsaod   the  other  end   to   the   inner  end  ot  Oae  Q^'t^^^   ^.^^vo.'?.- 
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These  connectlans  are  electrical,  and  the  Bprlnge  serve  to  conduct 
the  current  to  the  little  coll  without  preventing  It  from  rotating 
as  the  current  passes  through  It.  They  are  leadlng-in  springs,  in 
the  sense  that  the  platinum  wires  In  an  Incandescent  lamp  ore 
leadlng'ln  wires. 

It  a  balance  wheel  of  a  watch  were  replaced  by  the  coll  and 

two  hair  springs  were  attached  to  the  axis,  one  at  Its  top  and  one 

at  Its  bottom.  It  would  give  the  mechanical  combination  of  Uie 

apparatus.    It  Is  shown  In  Fig.  331. 

The  Held  Is  that  of  a  borseshoe  magnet  strengthened  by  a  ' 

Inder  of  iron  held  within  the 
coil  and  concentric  with  It  as 
regards  Its  axis  of  rotation. 
The  cylinder  is  carried  W 
an  arm  extending  from  tbB 
base  or  frame  of  the  Instru- 
ment. It  is  80  placed  as  not 
to  interfere  with  the  swings 
or  partial    rotations  of  tho 

The  Instrument  has  a  long 

index  whose  end  moves  ove* 
a  graduated  scale,  the  arc  "' 
a  circle,  and  divided  Into  di- 
visions representing  aiJ° 
calibrated  for  volts.  Tb^  ! 
soft- iron  core  and  the  shap^ 
of  the  pole  pieces  secure  a  uniform  field  and  tend  to  give  a  uoi' 
form  motion  for  Increase  of  current  in  the  working  coll. 

Damping  Coll. — To   render  the   instrument   "dead-beat,"  whicB 

means  that  it  shall  at  once  give  its  reading  without  having  1*9 

needle  swing  back  and  forth  a  number  of  times  before  comloB 

to  rest  ■over  the  proper  mark  on  the  scale,  a  special  damping  coi^ 

I     is  used.    This  consists  of  a  coil  of  insulated  wire  sbort-clrculteo 

on  itself.    Over  this  is  wound  the  active  winding,  which  conBlste 

of  a  number  of  turns  of  fine  copper  iiVTft,  -w^mae  enia  connect  wltJ> 

the  springs.    This  double  coil  is  ECvov\aVe4\&^\iftl!i*i,wi&V^**»* 

move  through  the  annular  apace  ^t^e^i^  ^^«  *«^^''''«^  ****■  ^* 


Fio.  SSL— Cobb,  Coit,  Pibld 
Poles  and  Leauinq-ih  Bi'SiHna  o 
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and  the  magnet  poles.  As  it  movea  under  the  influence  of  a  cur- 
rent passing  through  Its  active  coll,  eddy  currents  are  induced  in 
the  closed  circuit  of  the  damping  coil,  and  these  oppose  its  motion 
and  thus  prevent  swinging  back  and  forth.  The  instrument  goes 
at  once  to  Its  proper  reading,  and  shows  the  voltage  at  once. 

Air- Vane  Damping.— An  aluminium  vane  is  sometimes  attached 

to  the  Index.    As  the  latter  moves.  It  sweeps  the  vane  through  the 

air.     The  resistance  of  the  air  operates  to  mechanically  damp 

.    the  movements  of  the  Index,  and  to  make  it  still  more  aperiodic. 


FlO.  332.— PI.AM 


Empire  Voltmetbb. 


The  critical  point  about  calibrated  Instruments  of  this  typo 
•s  to  secure  a  permanent  and  unchanging  magnetic  field.  This 
depends  on  the  permanent  magnets  retaining  their  magnetism 
Unchanged,  year  after  year.  To  secure  this  feature,  they  must 
^  made  of  a  proper  quality  of  steel.  Much  secrecy  is  observed 
W  to  this  point.  They  also 
•bout  three-quarters  saturati 

Empire  Voltmeters.— The  < 
Btruetlon  of  the  Empire  volt 
W/s  the  D'Arsonval  insfrument 


magnetized  to  saturation; 
5  good  practice. 

Figs.  332  and  333,  show  the  con- 
;r.     Us  geneTaX  cwn.ftl^xw.'O.'^^  ^^■ 

than  aoes  ttva.^.  o^  ^-'^'^  "*^^' 


too  voltmeter.     The  characteristic  feature  \b  ttiaX  VUe  ■o.e,^<iV^  ^ 
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carried     by    straight     phosphor-bronze    wires    kept    stralnert   t 
spiral  ajiringB,      These  wires  by  their  torsion  act  to  keep  the  coH  I 
in  a.  neutral  position,  and  to  bring  it  back  to  zero  if  it  la  luroe*!  | 
away   from  It.     They  are  also  the  leading-in  wires  for  the  c\ 


From  the  inner  surface  of  the  field  magnet  poles  four  fl 

iron  project     These  form  a  strong  held    made  still  atrwiBi 

a  disk  shaped  core  supported   belAeen   them      The  coll   IncIoS 

the  disk  within  its  open  center  but  touches  no  part  of  the  Qel'* 

The  suspension   wires    whict  are  a.\aa  \.\ie  \«B.4\.-a^ta  wiras.  ^   1 

\ted  afioye,   are   kept   atrainea  ^7  s^vV-a'e*  'yixi\,a.aifci  \s-  W» 

(  (he  opposite  c^Ci  ol  me  ^vi^t>qA     «— ^-^^  ^y.'^-^--'^ 


^VX-ia.^ft.S'  ^ 
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»  four  pole  plecge  carry  crosB  iiieees,  to  which  the  spring  sup- 
'ta   of  the  suspension  wires  are  attached.     The  connections  of 

instrument  are  omitted  in  the  diagram,  which  is  designed  to 
■w  the  characteristic  features  only. 

raduatioa  of  Voltmeter  Scales. — The  Instrument  Is  put  In 
aUel  with  a  standardized  voltmeter,  and  the  value  of  its  full 
Sing  is  noted.  This  may  read  widely  different  from  the 
■in.  Suppose  the  scale  is  to  be  graduated  to  150  volts,  and 
t  30  volts  bring  the  needle  to  the  end  of  the  scale  as  yet  un- 
"Ited.  At  this  point  a  mark  is  made.  The  potential  is  now 
Bi"ed  to  28  volts,  and  another  mark  is  made,  then  to  26  volts, 

so  on.  This  gives  fifteen  divisions  on  the  scale.  Each  dl- 
on.  is  evenly  divided  into  ten  divisions,  thus  giving  150  di- 
ons.  The  150  divisions  correspond  to  30  volts.  Resistance  in 
es  with  the  coil  is  now  placed  in  the  interior  of  the  case,  in 
Shape  of  spools  oC  fine  insulated  wire.  It  is  tested  and  added 
*T-  reduced  until  a  potential  of  150  volts  carries  the  index  ex- 
y  to  the  end  of  the  scale.    The  Instrument  is  then  atandardlKed 

ready  for  use. 
eneral  Notes  on  Voltmeters.— The  index  is  counterpoised  so 
to  be  perfectly  balanced.  Its  one  end  forms  the  pointer.  Its 
ar  end,  prolonged  beyond  the  suspension  axis,  sometimes  has 
iread  cut  upon  Its  end,  on  which  counterpoise  nuts  are  screwed 
k  and  forth  to  secure  perfect  balance.     Sometimes  this  end  of 

index  is  bent  at  right  angles,  and  has  counterpoise  nuts  on 
bent  portion  as  well  as  on  the  stralglit  portion,  to  give  greater 
'er  of  securing  a  perfect  halarce, 

'o  secure  an  approximately  even  motion  of  the  pointer,  bo 
t  a  given  change  of  voltage  shall  cause  the  pointer  to  move  over 

same  number  of  degrees  at  all  parts  of  the  scale,  the  corn- 
ed effect  o!  the  even  magnetic  field  and  of  the  springs  is 
led  on, 

'Wdew  Voltmeter. — This  instrument,  which  would  seem  pecu- 
■ly  well  adapted  for  alternating  currents.  Is  not  as  much  used 
la  Slemens's  dynamometer.  It  Is  really  an  ammeter  of  very 
Its  action  depends  upon  the  exi^ai\&\avi  q\  ■4.'«\tft 
1  current  passes.  This  wiTe  ex-Vto-**  -«\\\i.  "^^aX- 
li  rcdurtiQ-a  oT  ;:Tnr-:rat'jr':.  at\'\  Vae  v^iq'^-c^v--^^^' 


464'  je:lectrician8'  handy  book. 

changes    depend    on    the    current    passing    through    it.      The^e 
.  changes  depend  on  the  changes  in  voltage  at  its  terminals,  and 
it  is  a  voltmeter  in  practice. 

In  its  essentials  a  wire  is  attached  to  a  rotating  shaft  which 
carries  an  index.  The  other  end  of  the  wire  is  attached  to  a  point 
a  foot  or  more  distant  from  the  shaft,  and  is  stretched.  As  it 
changes  in  length,  it  turns  the  shaft.  The  latter  is  provided  with 
an  index,  which  indicates  the  changes  in  length  of  the  wire.  The 
simplest  construction  has  a  straight  wire  stretched  through  the 
center  of  a  brass  tube. 

It  has  to  be  calibrated  by  trial  for  various  electromotive  forces. 
After  enough  readings  for  definite  values  have  been  found,  others 
may  be  intercalated  between  them.     If  calibrated  for  continuous 
electromotive   force,    its    readings    for   alternating   electromotive ; 
force  will  give  the  effective  value. 

Its  sensitiveness  is  greatly  increased  by  using  a  longer  wire. 
To  keep  the  size  of  the  instrument  within  practical  limits,  the 
long  wire  is  carried  back  and  forth  over  pulleys  made  of  bone. 

In  a  recent  example,  the  wire  of  platinum-silver  alloy  was  0.0025 
inch  in  diameter  and  13  feet  long.  It  passed  up  and  down  eight 
times.  This  brought  each  stretch  of  it  to  a  length  of  about  18 
inches.  The  terminals  of  the  instrument  connect  with  the  ends 
of  the  wire.  When  connected  to  the  circuit  whose  voltage  is  to 
be  measured,  the  thin  wire  very  quickly  acquires  the  full  temper- 
ature due  to  the  current  produced  by  the  voltage.  The  thinness 
of  the  wire  enabling  it  to  grow  hot  or  cold  with  great  rapidity 
makes  it  very  quick-reading,  or  almost  dead-beat.  Such  an  in- 
strument can  measure  voltages  from  30  to  120  volts.  For  higher 
voltages  a  resistance  is  added.  This  is  sometimes  made  of  ex- 
actly the  same  wire  and  stretched  through  metal  tubes,  as  in  the 
instrument   itself. 

There  is  considerable  vagueness  in  the  readings  near  the  zero 
point,  and  it  is  considered  inaccurate  in  the  upper  part  of  the 
scale. 

In  the  construction  shown  in  Fig.  334  a  long  wire  C,  carried 
Up  and  down  a  frame  four  times,  \s  \x^^^.   TYifc  xi.Mtrent  passes 
through  this,  and  its  changes  In  \ei[vgl\i  ^t^^  ^"sv^  ^NJ^'^Xft  \i\K\k^  ^ 
its  upper  central  bend  or  Mght  up  ^ue.  ^o^ru,  ^^  -^M^x^^x^^- 
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volve  on  a  dial    »h  cli  In  the  ci 

A  pulley  P,  around  which  the 


ndex  1  ke  a  lock  hand  to  re- 
B  facing  awav  from  the  reader, 
re  passes  and  to  whlcb    t  is  se- 


Fio.  331.— Cabdkw  Voltmktbb, 

IS    clockwise   as    the   wire   lengthens   and   vice   versa.  ' 

f  pulley  actuates  the  index.     The  spring  S  drags  the  ^lUe-j 
iai  clockwise;  the  contracting  wire  drags  W.  ttv*i  oft\ife-t  -wti.-a- 
r  v/ew  of  the  puUey  F  ie  given,  to  etio-w  \ia'w  \.'be  -wWesi  '^.'^^ 
to  It.     The  index  and  scale  are  omiUed  Ixom  We.  c-w^-. 
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Hot-Wire  Instruments. — The  Cardew  voltmeter  is  the  parent 
Of  the  hotwire  instruments.  It  has  tended  to  go  out  of  use  of 
Jate  years.  It  is  affected  hy  alternating  as  well  as  by  direct  cur- 
rents, and  this  operated  to  keep  it  in  use.  Hot-wire  instrumenta 
bave  had  quite  extensive  application  and  are  still  iu  use. 

The   Stanley  Hot-Wire  Voltmeter.— A  wh-e  is  secured  across 


FlO.  S3S  — Thb  StAblht  HoT-TTiftE  Voi.tmbtkb. 


the  upper  part  of  the  instrument,  and  i?  held  horizontally  in 
general  position.  Two  leadlng-in  springs  or  connectiona  descend 
from   ahove   and  carry   current  to  it.  so  that  the  current  pasaas 

t through  the  few  inches  of  wire  between  the  ends  of  the  leading- 
Id  connections.     Prom  the  center  of  this  actuatinR  wire  anotliBf 
IfJre   descends   to  the  hottom  of   the   instrument,  and   is  aecui^ 
iere.     "TJiis  wire  is  approx\ma.\.e\>i  a\  t\fe'p.\.  ia?,les  to  the  actu-     I 
me  wire.     To  the  left  ol  Its  ceniet  \a  \W  m*e-i  -^Wn  Vnftisn^A.  1 
tea/Tying  a  pulley  or  drum  &i(.e4  vo  •v\.,    t.  fe\^^-EX  v,<,m  ■(M^ 
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center  of  the  vertical  wire  passes  around  this  drum,  and  has  its 
other  end  secured  to  a  spring.  Thus  this  spring  keeps  the  sys- 
tem of  filament,  vertical  wire,  and  actuating  wire  in  tension.  A 
current  passed  through  the  actuating  wire  heats  it  and  causes  it 
to  expand.  A  very  slight  expansion  causes  its  center  to  descend 
a  measurable  distance,  on  the  elbow-joint  principle.  This  magni- 
fication of  motion  is  repeated  by  the  vertical  wire,  so  that  an 
infinitesimal  change  in  length  of  the  actuating  wire  by  means  of 
the  two  magnifications  causes  the  index  to  move  a  visible  dis- 
tance. 


Ftg.  338.— The  Stanley  Hot- Wire  Voltmeter. 


The  cuts,  Fig.  335  and  336,  give  the  general  view  of  the  working 
parts  of  the  instrument. 

The  hot-wire  instrument  is  unaffected  by  any  electro-magnetic 
fields,  and  hence  is  peculiarly  well  adapted  for  places  where  such 
fields  exist. 

Ammeters.— The  word  ammeter  is  an  abbreviation  for  ampere- 
meter. It  is  an  apparatus  for  measuring  current  rate.  Any  cali- 
brated galvanometer  with  its  scale  marked  so  as  to  read  amperes 
is  an  ammeter. 

Total-Current  Solenoid  Ammeter.— The  first  instruments  were 
constructed  so  that  the  entire  current  passed  VYvxow^  \Xv^  ^^Vxv 
at/ns-  cons.     The  cut,  Fig.  337.  shows  a  modexxv  lol^X-cwxTetvX,  Vcv- 
strument    A  coil  of  heavy  wire  is  secured  to  t\ie  \ia"&^  ^^^^  ^^'^  '^^" 
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j^^tH  a  bent  lever  Tbe  latter  has  one  en<i  prolonged  to  torm  the 
Index.  Ah  more  current  paaaea  the  tore  is  drawn  downward, 
and  the  needle  movea  over  the  scale  In  one  direction     It  the  cm-- 


1  3T  — Oenkrai.  Elk  ~t 


s  Total  Corhbbt 


r     rent  d/minishes,  the  core  rises  ai\4  Voa  tieei\fe  -laavi^s,  the  other  \ 
Way.     Although  such   an  IneVrumcQ^.  ma^  -hotX  ^x'fti.  v 
rent.   It   may  be  connected  to  efewv  -nX'-^v  ^  ^s»*^,  «> 


The  coil 
plunger     is    call«d     nut 
quite    corrertly    a    snU 

Shunted   Ammeter  — 

Thia 

shunted  galvanoniKter 
which  la  calibrated  to 
read  amperes  The  am 
perea  ai  e  thoae  which  go 
through  the  shunt  and 
actuating  coils.  The 
indicating  portion  of 
the  apparaiua  is  identi- 
cal with  a 
heavy  shunt  suiBciei 
carrying  capacity 
the  full 
nected   in   paralli 


ia  made  to  Rt  these  c 
dUloas,        Th  <!     resist 
aace  ot  the  sh 


very  low   compared  to  Vha^  o^  '^^^  '^"^'^  ^ 
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ment.  The  diagram  of  the  connection  is  given  in  Fig.  337fl. 
Various  forms  of  shunt  are  employed,  one  of  which  is  shown  in 
Fig.  338. 

Transformer  Ammeter. — Sometimes  on  alternatyig  current 
work  a  transformer  is  used  to  take  off  current  for  a  voltmeter. 
By  properly  proportioning  the  coils  and  instrument  the  voltmeter 
becomes  an  ammeter.  Fig.  339  shows  a  transformer  mounted  on 
a  bus-bar  which  forms  its  primary.  The  terminals  from  the  sec- 
ondary go  to  a  Stanley  hot-wire  ammeter.  The  whole  is  so  cali- 
brated that  the  readings  of  the  instrument  give  the  amperes  pass- 
ing through  the  bus-bar. 

Wattmeter. — A  modification  of  the  construction  of  the  volt- 
meter gives  a  wattmeter.  In  this  instrument  there  are  two  ac- 
tive coils.  One  is  fixed  and  the  other  is  movable.  The  fixed  coil 
increases  the  field  in  which  the  other  one  moves,  and  the  index 
readings  are  a  product  of  the  voltage  and  amperage  of  the  circuit. 
This  multiplying  action  is  in  line  with  the  action  of  magnet  poles 
on  each  other,  the  intensity  of  which  Is  the  product  of  the  two 
intensities,  and  not  the  sum. 

Pressure  Lines  or  Pilot  Wires. — Sometimes  small  conductors 
are  run  to  various  points  in  the  district,  are  tapped  into  the 
system,  and  their  ends  in  the  station  are  connected  to  the  ter- 
minals of  voltmeters.  These  voltmeters  give  the  potential  differ- 
ence at  the  distant  points  to  which  their  wires  lead,  and  the  read- 
ings of  the  voltmeters  are  the  factors  for  operating  the  machinery 
in  the  station. 

Compensated  Voltmeter. — A  voltmeter  wound  so  that  its  read- 
ings practically  solve  Ohm's  law  is  sometimes  employed,  con- 
nected directly  to  the  mains  in  the  station. 

It  is  a  voltmeter  containing  an  auxiliary  coil  wound  in  opposi- 
tion to  the  main  coil.  This  auxiliary  coil  is  proportioned  to  the 
main  coil  as  the  feeder  drop  is  to  the  total  potential  difference. 
Such  an  instrument  gives  pretty  closely  the  potential  difference 
at  the  end  of  the  feeder. 

Compensators. — A  compensator  is  an  instrument  for  use  on  al- 
ternating'Current   circuits  wMcYi  m^VeaX^^  noW.-b.^^  X^^V-^^-w^  dla- 
^at  points   of  a  circuit.     T\ie  eom^^xi^^^o^  \^  Va.<eJ^\\^^  \^  X36& 
station,  it  may  be  a  mile  or  moT^  itom  iWe  ^\^^^  ^^  ^wx.\X-^v^ 
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dlcatloDS  Eipp])  In  constant  potential  liKbttng,  for  which  it  is 
•specially  applicable  pilot  wires  are  sometimes  used  to  give  con- 
nections for  voltage  determinations  at  distant  points.  Snch 
wires  are  connected  to  am  desired  point  on  the  circuit,  are  led 
lalo  the  station  and  there  connected  to  a  voltraeter.  The  readings 
of  the  instrument  sue  the  potential  difference  or  voltage  at  the 
more  or  less  distant  point  on  the  circuit  from  which  the  wires 
come  and  to  which  the>  are  connected.  The  compensator  gives 
Ihe  -iame  voltage   reading   without  the  use  of  pilot  wires. 

The  Ohmtc  CompeoBator  includes  a  transformer  whose  pri- 
mary H  connected  in  series  with  the  supply  line.  The  active 
turns  of  the  primary  can  be  varied  hy  a  switch,  with  a  number 
of  contact  studs,  each  one  corresponding  to  and  throwing  Into 
action  a  greater  or  less  number  of  turns  in  the  primary.  The 
Secondary,  also  adjustable,  connects  with  a  voltmeter.  This  con- 
nection may  be  a  simple  series  connection,  bul  sometimes  It  is 
connected  to  an  auxiliary  coil,  which  is  wound  around  the  volt- 
meter-actuating coil.  This  coil  Is  so  wound  or  connected  that  it 
opposes  the  action  of  the  voltmeter  coll.  The  action  Is  like  that 
of  the  series  coll  on  a  compound-wound  dynamo.  The  action  of 
the  auxiliary  coil  Increases  with  the  current  which  passes  through 
the  main  conductor.  This  increase  of  current  fndicates  the  need 
of  higher  voltage  and  to  makf  the  voltmeter  read  the  same,  the 
voltage  of  the  (iriuit  has  to  be  increased  to  make  its  own  proper 
coll  pull  harder  against  the  auxiliary  coil.  Thus,  if  the  voltmeter 
Is  kept  at  a  constant  flgure    more  voltage  must  be  given  to  the 

By  adjustment  with  the  SRitch  and  contact  plugs  the  readings 
of  the  voltmeter  can  be  made  to  correspond  with  any  desired  drop 
on  the   line   per  given   intensity  of  current. 

The  Inductance  Compensator  has  a  second  switch  with  a  num- 
ber of  contact  plugs,  hy  which  the  adjustment  for  Inductance  on 
the  line  is  made,  ao  that  the  total  impedance  is  taken  Into  account. 
The  instrument  is  shown  In  Fig.  340. 

A   compensator    is   without    action   of   any   appreciable   4%'J,'!fs 

Upon   the   circuit.     Its  acdon    on   the   voH.TOe\.eT  Xa  *\i«?a  ''>i^"^  "^"^ 

order  to  maintain  a  conslant   reading  of  tbe  \o\\.TD.elat,  **■*■ 'S^^ 

aare  .on  t/ip  circuit  must   he   increased  as  the  c\\"«n.V  \^'«'»''''*** 
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DISTRIBUTION. 

Two  Distribution  Systems. — The  systems  of  distribution  of 
electric  power  may  be  divided  into  two  main  divisions — ^the  con- 
stant-current and  the  constant-potential  systems.  In  the  constant- 
current  system  the  central  generators  roroe  an  unvarying  current 
through  the  circuit.  The  potential  of  the  dynamos  must  rise 
and  fall  as  the  resistance  of  the  circuit  varies  under  different 
conditions,  but  the  same  number  of  amperes  must  pass  over  the 
line.  In  the  constant-potential  system  the  generators  are  oper- 
ated to  keep  a  constant  average  voltage  between  the  two  leads 
of  the  circuit;  the  amperage  may  vary  from  almost  nothing  up 
to  very  high  values;  the  station  voltage  may  rise  a  little  in  itfl 
readings  as  more  current  is  taken,  and  may  fall  a  little  as  less  cur- 
rent is  taken.  These  variations  compensate  for  the  distance  from 
station  to  district. 

Arc  and  Incandescent  Lamp  Circuits.— Lamps  and  motors  are 
the  principal  appliances  for  utilizing  electric  power.  All  lamps 
require  a  constant  current.  Arc  lamps  without  individual  re- 
sistances or  reactances  can  only  be  operated  on  constant-current 
systems.  By  the  use  of  these  individual  attachments,  which  are 
described  later,  arc  lamps  are  used  on  constant-potential  sys- 
tems in  very  large  number.  Incandescent  lamps 'can  be  used  on 
either  constant-current  or  constant-potential  system.  Motors  can 
be  connected  so  as  to  work  on  either  system. 

Constant-Current  Systems. — A   constant-current   circuit  con- 
slsts  of  two  leads  carried  through  the  district  to  be  supplied. 
The  leads  are  without  brandies  ot  ^leNV^Uo^i^  ^^q;^^\\i  ^<\  called; 
^ey  unite  at  the  most  distant  part,  auei  Iottsv  ^  ^vKi^\^  Otf^fc^^asr 

4"^ 
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Lamps  ti 


lishted  H 


•  placed  i 


i    through    every 


tallle  cireu 
that  the  ( 
lamp,  and  every  lamp  gels  the  same  current. 

The  potential  on  a  constant-current  system  may  vary  consid- 
erably. A  lamp  may  be  removed  from  the  line,  and  the  ends  of 
the  line  may  be  directly  connected  without  resistance  being  In- 
serted in  place  of  the  lamp.  In  such  case  the  potential  of  the 
lamp  will  be  taken  out  of  the  system,  and  the  generators  will 
have  to  be  run  at  a  potential  lower  than  the  original  potential 
by  an  amount  equal  to  that  of  the  lamp  taken  out.  The  amperage 
will  be  the  same  as  tiefore  the  removal  of  the  lamp. 

The  constant-current  system  is  also  called  the  series  system; 
it  supplies   power   by  se-  .• 
ries    distribution.      It    is 
shown  in  diagram  in  Fig. 
341. 

Constant  -  Potential 
Systems. — The  two-wire 
constant-potential  system 
begins  with  two  leads, 
which  may  divide  into 
any  number  of  branchea, 
each  branch  consisting 
of  two  parallel  leads,  oni 
leads  are  not  united  at  their  ends,  but  ar 
cept  as  closed  by  the  lamps  or  other  appliances. 

The  three  and  other  multiple  wire  systems  do  the  same,  except 
that  instead  of  two  parallel  lines  three  or  more  as  the  case  may 
be  are  carried  through  the  district,  branching  whenever  It  is 
necessary  and  always  on  open  circuit  except  for  the  lamps  or 
other  appliances. 

The  conslant-potential  system  operates  by  parallel  distribution. 
The  lamps  or  other  appliances  used  are  sometimes  said  to  bear 
to  the  main  leads  the  relation  of  the  rnngs  of  a  ladder  to  its  sldea 
It  ifi  shown  in  Fig.  343. 

Series    Distribution.— In  aeries  dlBtrftuUoti  ot  e\ftn'«\t  B.\.wisi 
lamps  or  other  appliances  to  he   sup-gUfti  -^VCd^  '^'*^'!^i^  '^^ 
In  Beriea    with   each    other.     Tlie    m^iatra-yi-so.. 


¥10.  341.— COMSTANI  CCRBBNT  DiSTI 


,  "SNS.- 
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shows  a  diagram  of  series  distribution  to  a  number  of  lamps. 
The  simplicity  of  the  system  is  obvious.  A  wire  circuit,  whose 
capacity  for  current  is  equal  to  that  of  a  single  lamp,  can  sup- 
ply any  number.  There  is  no  question  of  increasing  the  size 
of  the  wire  as  more  lamps  are  put  into  service.  In  these  respects 
its  advantage  over  the  constant-potential  circuit  is  very  great. 
With  one  exception  its  limitations  are  not  very  great. 

Limitations* — One  limitation  is  that  each  lamp  must  be  con- 
structed for  the  same  current.  The  potential  drop  for  each  one 
would  normally  be  the  same,  but  this  is  quite  unnecessary.  An- 
other limitation  is  that  the  total  potential  difference  existing  be- 


Fio.  84&.    (constant  Potential  Distribution. 

tween  the  ends  of  the  line  shall  not  be  too  great.  This  is  a  prac- 
tical consideration  affecting  safety  to  life  and  possibility  of  in- 
sulating adequately. 

The  next  limitation  to  be  noticed  is  one  which  has  relegated 
series  lighting  to  a  very  limited  field.  It  is  not  practicable  to  put 
out  one  light  without  substituting  for  it  some  equivalent  resist- 
ance or  inductance.  The  latter  can  only  be  used  for  alternating- 
current  systems,  and  high-voltage  alternating-current  systems  are 
not  supposed  to  have  single  lamps  extinguished  by  hand,  on  ac- 
count of  danger  to  life. 

It  follows  that  domestic  illumination  cannot  be  organized  on 

the  lines  of  series  system  of  distribution,  because  single  lamps 

caDDot  be  extinguished.    It  \a  tiol  ^t«.cW^^\^  \tt  supply  every 


1^ 
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lamp  in  an  incandescent  lighting  circuit  with  a  resistance  equal 
to  its  own,  to  be  substiluteii  for  it  when  extinguished.  If  prar- 
ticable,  it  would  he  uneconomical. 

Features  of  Series  or  Constant -Current  System  for  Arc 
Lamps.— It  will  be  evident  that  as  every  lamp  receives  the  same 
current,  the  wire  should  be  of  one  size  throughout.  It  Is  also 
evident  that  were  there  one  or  a  hundred  lamps  on  the  circuit. 
the  same  current  would  pass  and  the  same  sized  wire  would  be 
required.  It  follows  that  the  economy  in  wire  is  iocreased  by 
placing  as  many  lamps  as  possible  on  the  one  circuit. 

The  simplicity  of  the  system  is  seen  In  the  cut.  A  single  line 
runs  out  from  the  generator  and  returns  to  it  with  as  many 
lamps  put  on  it  as  the  voltage  of  the  machine  can  take  care  of. 
There  are  no  real  branches  or  other  complications. 

The  management  ia  also  of  the  simplest.  The  dynamo  is  to  be 
made  to  supply  a  constant  current  and  to  give  the  potential  re- 
Quired  to  lieep  up  the  current  strength. 

Fifty  to  one  hundred  arc  lamps  may  be  placed  on  one  circuit, 
which  may  be  several  miles  in  length.  An  ordinary  arc  lamp 
would  require  ten  amperes  of  current  and  would  develop  a  poten- 
tial drop  of  fifty  volts. 

Calculations. — The  calculation  for  a  plain  series  distribution  Is 
simplicity  itself.  Take  as  an  example  fifty  arc  lamps,  each  of 
10  amperes  and  50  volts.  By  Ohm's  law,  R  =i,  the  resistance 
of  one  inch  lamp  would  be  5  ohms.  There  Is  a  total  drop  ifl  the 
lamps  of  50  (volts)  X  50  f lamps)  or  2,500  voUs  to  be  provided  for. 
Besides  this  a  current  of  10  amperes  has  to  be  forced  through  the 
line.  Take  one  mile  as  the  length  of  the  line,  and  assume  that 
a  loss  of  5  per  cent  of  the  lamp  energy  on  the  line  la  admissible. 
As  the  current  is  a  fixed  quantity,  the  watts  of  energy  are  pro- 
portional to  the  resistance,  because  IR  (watts)  ^  R  I'.  The  re- 
sistance of  the  lamps  would  he  5  (ohms)  X  50  (lampsl  ^  250 
Ohms.    Plye  per  cent  of  250  ohms  Is  12,5  ohms. 

Consulting  a  wiring  table,  we  find  that  No.  14  wire  would  give 
a  resistance  per  mile  at  ordinary  temperatures  of  13.31  ohms, 
and  No.  13  wire  would  glTe  a  resistance  of  106  ohms, 

ir  we  wished  to  have  an  exact  reaiBtmce  at  \15  oVnife,  -^t  ly^^^'i 
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use  both  sizes  of  wire  in  the  line.  Calling  x  the  relative  length 
of  No.  14  wire  required,  1  —  x  will  be  the  relative  length  of  No. 
13  wire  required.  Multiplying  the  relative  length  of  each  wire  by 
its  resistance  per  unit  of  length,  we  have  the  equation 

13.3a:  +  10.6  (1  —  x)  =  12.5, 
which  being  solved  gives: 

X  =  0.7  for  No.  14  wire  and  1  —  ar  =  0.3  for  No.  13  wire. 
Multiplying  each  factor  by  its  resistance,  we  have 

0.7  X  13.3  =  9.31  No.  14. 

0.3  X  10.6  =  3.18  No.  13. 


12.49 

The  decimals  0.7  and  0.3  refer  to  a  unit  of  1  mile,  and  multiply- 
ing 5,280  feet  (the  feet  in  one  mile)  by  them,  we  have: 

3,696   feet   of  No.   14   wire. 
1,584   feet   of  No.   13   wire. 


5,280  feet  or  1  mile. 
But  it  would  be  unnecessary  to  work  so  close  as  this.  Mech- 
anical considerations  apply  also  under  the  head  of  good  practice. 
No.  8  wire  is  the  smallest  that  is  approved  on  arc-light  circuits. 
If  the  mile  of  wire  were  of  this  size,  its  resistance  would  be  about 
3.3  ohms.    This  would  bring  the  energy  absorbed  by  the  line  to 

q  q 

JL^  =  .0132,  or  1.3  per  cent  of  the  lamp  energy. 
X  5U 

Where  the  percentage  is  so  small,  this  would  be  almost  exactly 

the  percentage  if  the  total  energy  of  line  and  lamps  together 
were  taken  as  100. 

Keeping  in  mind  the  law  that  resistance  is  to  be  concentrated 
in  the  appliances  in  which  heat  or  light  energy  is  to  be  devel- 
oped, the  object  of  keeping  the  line  resistance  low  is  to  avoid 
waste  of  power  on  the  line. 

Advantage  of   High   Potential.— In  the  early  days  of  electric 

lighting,  a  number  of  deaths  occurred  from  contact  with  arc-light 

circuits.  The  higher  potentials  involve  the  greater  danger.  High  po- 

tential  of  a  circuit  makes  the  adequate  insulation  more  difficult  than 

It  is  for  the  lower  voltages.  T\\e  \eLea  \^  \Xi^\.  V^Ns.  ^^^^^x^fitlce  to 

keep  voltage  as  low  as  \s  coTis\sUTi\  ^\^^i  ^c^oTLCim\^^\  \t^\s;j\^\\^^ 

In  general  terms,  the  MgW  voU^^e^  ^t^  ^^^^  ^^^..^m\^\  \^^^ 
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wire  required  lor  the  distribution  of  electric  energy.  The  unit  of 
rate  of  energy  is  the  voit-ampere  or  watt.  With  high  voltage  the 
amperes  for  a  given  number  of  voit-araperes  will  be  iess  tlian 
with  a  iow  voitage.  Thus  1(10  volts  multiplied  by  100  amperes 
gives  10,000  volt-amperes  or  waits  of  power,  which  Is  also  given 
by  1,000  volts  multiplied  by  10  amperes.  But  the  larger  number 
of  amperes  need  a  larger  conductor  than  do  the  small  number. 
Increasing  the  voltage  and  decreasing  the  amperage  saves  capital 
invested  in  iinea. 

Standard  Series  Lighting  Current. — For  arc  lighting  on  the 
series  system  a  sort  of  standard  has  been  established  in  the  10- 
ampere  current,  A  station  supplying  circuits  of  this  type  simply 
bas  to  send  out  10-ampere  currents,  and  as  long  as  they  pass  to 
the  line,  the  engineer  can  be  almost  certain  that  all  is  well  in  the 
district.  The  voltmeter  will  indicate  the  extinction  of  a  lamp  on 
the  circuit. 

So-les  Incandescent  Lighting. — What  has  been  said  about  arc 
lighting  applies  to  series  incandescent  lighting.  The  lamps  are 
made  of  dimensions  adapted  to  the  current.  If  the  arc-light  cur- 
rent of  10  amperes  is  used,  the  incandescent  lamps  must  have 
very  thick  niaments  of  length  adapted  to  establish  a  relatively 
low  potential  difference.  Thus,  were  it  proposed  to  put  one  hun- 
dred ordinary  incandescent  lamps  on  one  circuit  in  series,  the 
potential  difference  due  to  them  alone  would  be  over  11,000  volts, 
and  only  one-lialf  ampere  of  current  would  be  required.  One 
hundred  thick  and  short  filament  lamps,  on  the  other  hand,  would 
replace  about  double  the  number  of  arc  lamps  and  would  worh 
with  the  same  current  and  potential  difference. 

An  Incandescent  lamp  for  this  work  passing  10  amperes  of  cur- 
rent by  the  expenditure  of  10  volts  would  give  at  3  to  4  watts  to 
the  candle  power  about  32  candle  illumination.  About  thirty 
Buch  lamps  would  give  the  light  of  a  single  arc  lamp  of  10  am- 
peres and  40  to  50  volts.  The  economy  Is  poor,  but  is  offset  by  other 
considerations,  one  of  which  is  Ihe  evenness  of  distribution.  A 
large  number  of  small  lamps  give  a  more  even  light  than  that 
afforded  by  a  few  more  powerful  lamps. 

Por  outdoor  Ifsbllng  a  lO-ampere,  100  caa4\'4-?'i-«ftx  \'mb.'*  '^■*'  ' 
etaadard. 
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Film  Cut-Oiit* — In  all  the  series  systems  the  entire  electromo- 
tive force  of  the  circuit  would  appear  if  the  circuit  were  broken. 
This  applies  to  the  three-loop  Brush  system  as  much  as  to  any 
other.  This  gives  a  simple  method  for  constructing  a  cut-out 
which  will  short-circuit  a  broken  lamp  through  which  no  cur- 
rent can  pass.    It  is  called  the  film  cut-out. 

The  ends  of  the  line  connected  to  the  lamp  are  bifurcated,  as 
shown  in  Fig.  343.  Between  the  free  ends  a  piece  of  paper  or 
other  film  is  interposed,  the  ends  pressing  against  it,  thereby 
sending  the  current  through  the  lamp.    But  if  the  lamp  breaks  or 

the  filament  parts,  the  voltage  due  to  the 
entire  electromotive  force  of  the  system 
is  developed  on  the  two  ends  of  the  con- 
ductor separated  by  the  film.  This  is  at 
once  pierced,  the  ends  of  the  conductor 
spring  together,  and  the  current  passes. 
The  resistance  of  the  lamp  is  gone  from 
the  circuit,  so  the  current  has  to  be  re- 
duced from  the  central  station  to  save  the 
lamps  from  overheating,  with  consequent 
breaking  down. 

Relief  Lamps. — On  each  circuit  in  the 
station  one  or  more  idle  or  relief  lamps 
are  provided.  The  attendant  watching  the 
ammeters  recognizes  the  breakage  and 
cutting  out  of  a  lamp  by  the  increase  of  current  on  the  line  con- 
taining it.  He  then  throws  one  of  the  relief  lamps  into  the  cir- 
cuit. This  reduces  the  current  to  the  normal,  and  the  broken 
lamp  has  to  be  dispensed  with  until  replaced. 

The  relief  lamp  is  one  of  many  cases  in  electric  engineering 
where  a  lamp  is  used  as  a  resistance.  As  a  lamp  sooner  or  later 
burns  out,  it  is  an  expensive  resistance.  It  has  one  good  side, 
however.  The  bright  lamp  shows  that  something  is  wrong.  A 
common  resistance  would  disclose  nothing  except  by  the  position 
of  its  switch. 

flultiple-Series  System. — Incandescent  lamps  for  street  light- 

ing  are  sometimes  made  for  a  lower  current,  3  to  3.5  amperes. 

To  enable  a  larger  current  to  \i^  M«>^d,  several  series  of  such 


Fig.  313.— Film  Cut-Out. 
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lamps  may  be  placed  In  parallel  with  each  other,  as  shown  In 
Fig.  344.  Each  series  must  be  of  the  same  resistance,  or  it  will 
not  receive  the  proper  current.  This  la  termed  the  multiple-series 
system.  As  the  same  number  of  lamps  are  on  each  circuit,  it  fol- 
lows that  if  the  lines  connecting  them  are  of  identical  resistance, 
the  circuit  can  be  operated  on  constant  potential.  The  property 
possessed  by  some  makes  of  incandescent  lamps  of  increasing  in 
resistance  as  they  rise  in  temperature  operates  in  multiple-aeries 
distribution  to  even  the  currents  received  in  the  parallel  lines  of 
lamps.  This  self -regulating  quality  works  in  one  way  diaadvan- 
tageousiy.  A  very  slight  rise  in  voltage  makes  the  lamp  work 
at  an  exceedingly  great  economy  in  consumption  of  electric  en- 
ergy, but  a  slight  fall  dims  the  light  very  badly. 


This  feature  may  to  eome  extent  provide  for  the  contingency 
of  a  lamp  breaking  down  and  being  automatically  short-circuited. 
The  potential  drop  in  that  aeries  Is  distributed  among  less  than 
the  proper  number  of  lamps,  and  they  burn  too  brightly,  but  not 
to  euch  an  extent  as  If  their  resistance  was  unaffected  by  heat. 
But  incandescent  lamps  as  a  rule  are  made  without  this  self- 
regulating  quality. 

''Municipal"  Series  Incandescent  Lighting  Is  often  carried  out 
on  these  lines,  lamp.s  using  3  to  S'/j  amperes  being  employed. 
Thus  with  a  lO-ampere  machine  three  series  could  be  operated  In 
parallel. 

Series -Multiple  System.— Another  system  of  distribution  for 
incandescent  light  Is  termed  series-multiple.  In  It  the  lamps  are 
pnt  in  parallel  in  groups,  and  any  number  of  these  groups  ac- 
cording to  the  potential  available  are  put  in  aeries.    Tt.%  i^aV-.'SXt- 
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345,  shows  the  arrangement.  By  selecting  lamps  of  suitable 
voltage  and  grouping  them  in  parallel,  each  group  can  be  made 
to  represent  any  resistance  equivalent  to  or  calling  for  any  current 
desired.  All  the  lamps  in  one  set  must  agree  in  voltage  rating- 
all  the  station  is  called  upon  to  give  is  a  constant  current  of  known 
amount,  and  the  voltage  must  be  enough  to  produce  this  current. 
It  is  possible  to  introduce  lamps  of  different  candle-power  in 
this  system,  provided  (a)  that  they  are  of  the  same  voltage  as 
the  others  and  (6)  that  the  current  required  for  each  group  of 
lamps  is  the  same.  Thus  a  group  could  be  composed  of  five  16- 
candle-power   50-volt  lamps   or  of  three  16-candle-power  50-volt 


Fig.  345.— SBRiES-MuLTiPiiB  Connection. 


lamps  and  of  one  32-candle-power  50-volt  lamp.  Many  variations 
can  be  made  in  a  group,  provided  the  requirements  as  outlined 
are  fulfilled. 

If  one  of  the  lamps  breaks  down,  it  will  cause  the  entire  group 
of  which  it  is  a  part  to  receive  too  much  current,  and  will  tend 
to  burn  out  the  lamps.    This  can  only  be  met  by  having  an  auto- 
matic device  of  some  kind  which  will  switch  in  a  new  lamp  in 
place  of  the  other,  or  which  will  cut  out  the  whole  group.    In 
the  latter  case  the  voltage  of  the  system  will  be  suddenly  re- 
duced.    The  station  must  take  care  of  this,  and  maintain  a  con- 
stant current  or  all  the  lamps  will  receive  too  much  current  and 
be  in  danger  of  burning  out. 
This  system  is  very  little  wse<3L.   T\vft  e^^QwWV^^  Ic^  he  overcome 
In  providing  for  the  contingeiic^  ol  \^.m^^  \i^^^>s:\^%  ^^^^  ^^^^^^ 
^sainst  it. 
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Objections  to  Series  Distribution.— Series  distribution  for  in- 
candescent ligliting  involvea  several  features  that  militate  | 
against  its  use  in  houses.  It  requires  too  high  a  potential.  A 
high -potential  system  is  a  cause  of  danger  to  life  and  property. 
It  exacts  that  a  number  of  laraps  be  operated  as  a  unit.  A  single 
lamp  cannot  be  turned  on  and  off  without  disturbing  the  whole  of  j 
Its  group,  unless  an  equivalent  resistance  or  inductance  for  alter- 
nating circuits  be  substituted.  A  resistance  for  every  lamp 
would  Involve  expense  in  installation,  and  would  absorb  just  as 
much  energy'  as  a  lamp  and  make  no  return.  An  inductance  ab- 
sorbs but  little  energy  and  is  an  important  adjunct  in  outdoor 
circuit  work  in  alternating-current  ligliting.  But  the  great  dan- 
ger of  a  considerable  voltage  on  an  alternating-current  system 
absolutely  proscribes  indoor  alternating-current  series  ligMlng. 

Parallei      Distribution     is   constant-potential    distribution.      In 
parallel  lighting  pairs  of  mains  or  wires  from  the  electric  station 
a'?6  kept  by  the  station  machinery  at  a  constant  difference  of  po- 
tential.   The  lamps  are  arranged  in  parallel  across  them,  as  has 
been  said,  like  the  rungs  of  a  ladder,  as  far  as  their  represents-        ] 
tlon   la  a  diagram   is  considered.     Incandescent  lamps   are   con-         j 
Btructed  for  a  apeciflc  current  by  being  made  of  adequate  thick- 
ness  of   filament  and   of   length   sufficient  to   operate  at   the  de-        | 
Hired  current  with  a  specified  drop  of  potential.    One  hundred  and 
ten  volts  is  a  sort  of  standard.    For  half  an  ampere  of  current, 
the  filament  has  to  be  of  two  hundred  and  twenty  ohms  resist- 
ance.    Lamps  are  made,  however,  of  the  most  various  voltages, 
and  are  generally  rated  by  the  voltage  required  to  operate  them. 

If  for  110  \olt  lamps  the  mains  are  kept  at  a  constant  difference ' 
of  potential  of  110  volt's   perfect  independence  of  action  of  all  the         1 
lamps  is  established      The\   may  be  lighted  or  turned  off  one  by 
one  without  affecting  each  other  to  any  noticeable  extent.     The 
maximum  difference  of  potential  in  two-wire  circuits  is  that  of  a 
Single  lamp    which  cannot  hurt  anyone  and  is  treated  as  a  safe        i 
potential  as  tir  an  fire  ribka  aie  concerned.    The  electric  energy        i 
or  the  system   is  diawn  upon   m  almost  exact  proporttoa  Vo  ^Xv'l^, 
number  of  Innips  ImhtPd 
"*3Tfte  coadftians  ot  safely  simplicitv   and  econoov^  ot  cvi.«Sl  ^"^^ 
f«VaateJy  fulSHed  by  the  parallel  circuit. 
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Disadvantages  of  Parallel  Distribution.— On  series  coddcc- 
tiou  one  hundred  lamps  could  be  supplied  with  current  [hrougli  a 
wire  of  ona-hundredth  the  cross  section  of  that  required  for  cu^ 
reiit  for  the  same  lamps  In  parallel.  This  is  a  most  important  ad- 
vantage. Heavy  currents  in  electric  englneerfng  involve  expense 
of  Installation  at  every  part,  and  the  interest  on  the  capital  In- 
vested is  to  be  treated  as  a  part  of  the  fixed  charges  of  the  aya- 
tern.  The  independence  of  each  lamp  of  the  circuit  has  made  the 
parallel  lighting  system  universal  for  Indoor  illumination.  Where 
the  street  mains  already  exist,  it  is  used  for  arc  lighting  with  the 
attendant  sacrifice  of  economy  involved  In  the  use  of  an  ladividual 
resistance  for  each  lamp. 

Elementary  Case  ol    Parallel  System.— The  simplest  case 
shown  in  the  cut,  Fig.  Z42,  where  two  leads  of  even  thickness  a 
carried  out  through  the  district,  and  have  as  many  lamps  co 
nected  across  them  as  they  can  carry  current  for.    This  is  waal 
ful  of  copper,  because  the  wire  wblch  comes  between  the  first 
lamp  and  the  dynamo  determines  the  t;[ze  of  the  outer  end  of  the 
wire.     Current  for  all  the  lamps  has  to  go  through  the  wire  next 
the  dynamo,  while  at  the  outer  end  current  for  only  one  lamp  Ib 
to  be  carried,  and  it  is  wasteful  of  copper  to  use  too  large  a 
ductor. 

The  size  of  a  conductor  Is  determined  by  several  considerations. 
It  must  carry  the  current  without  undue  heating.  It  must  be  of 
low  enough  resistance  to  pass  the  current  at  a  low  enough  drop 
to  secure  economical  working.  The  latter  consideration  is 
controlling  one,  as  under  its  requirements  the  wire  is  sur 
be  large  enough  to  carry  the  current  with  safety  from  overheating. 

Potential  Drop  In  Parallel  System.— Incandescent  lamps  for 
a  variation  of  one  per  cent  down  or  up  in  potential  drop  lose  o 
gain  a  little  over  one-sixteenth  of  their  illuminating  power,  i 
drop  of  one  volt  in  a  110-volt  16-candle-power  lamp  will  reduce 
its  candle-power  to  15  candles.  The  consumer's  payment  is  based 
on  light  and  only  indirectly  on  electric  energy.  A  drop  in  voltage 
deprives  the  customer  of  the  light  he  Is  paying  for,  and  the  re 
duction  in  fuel  consumption  due  thereto  is  too  trifling  to  be  eon 
sMered.  It  amounts  to  failure  In  carrying  out  a  contract  and  Ci 
injury  of  the  customer  -wlthoviV  XwaetoXu?,  Miyone.    The  utmost 
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care  sbould  be  taken  In  planning  a,  system  to  obtain  good  dis- 
tribution at  potential.  Inevitable  variations  in  potential  drop 
can  be  allowed  tor  by  ualng  lamps  of  ditterent  voltage.  But  after 
all  calculations  are  made,  the  results  in  practice  will  vary,  be- 
cause various  numbers  of  the  lamps  may  be  lighted  at  once.  The 
calculations  have  to  refer  always  to  all  the  lamps  or  to  some 
fraction  of  their  total.  Their  results  will  not  stand  for  any  other 
number. 

Feeders,  riala  and  Leads.— Districts  are  not  suppUed  by  a  sin- 
gle pair  of  conductors.  Feeders  run  out  from  the  station  to  points 
in  the  district,  and  are  not  supposed  to  be  tapped  for  lamps. 
These  are  and  should  be  of  uniform  thickness.  Their  ends  connect 
ffltb  other  wires,  called  mains.    Between  the  ends  ol  the  first  lines 


^  ^         If 


Fio,  3Je,— Loop  System. 

of  feeders  and  the  ligbtinE  mains  secondary  feeders  may  inter- 
vene. By  tertiary  and  other  feeders  the  system  may  he  made 
quite  complicated.  From  the  mains  run  other  wires  called  leads. 
and  the  lamps  are  supplied  by  them. 

Classification. — The  calculations  for  supplying  a  district  are 
based  on  Ohm's  law,  and  whatever  arrangement  of  mains  and 
feeders  is  adopted,  the  calculations  are  simple.  Classlflc^tion  of 
the  systems  of  supply  may  be  elaborate,  but  they  all  are  subject 
to  Ohm's  law,  worked  best  perhaps  by  the  drop  system  of  oalcula^ 
tlon. 

Loop  System.— The  loop  system  of  distribution  arranges  the 
circuits  so  that  the  current  for  each  lamp  goes  through  the  same 
length  of  wire.  There  are  two  loop  systems  shown  in  the  cuts. 
Figs.  3(6  and  347.  the  straight  loop  and  the  spiral  loop.  If  the 
reader  will  examine  the  length  of  conductor  through  which  the 
current  for  each  lamp  pasaeB,  he  wlU  ftni  ttwA  X^^  Xfaig*^^  *^^ 
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iiioutloal.    With  a  constant  current  the  line  drop  for  each  la: 

would  be  the  same;  for  a  dia 
ished  current,  due  to  the  exi 
guishment  of  some  of  the  lazs 
the  line  drop  varies. 

The  amount  of  copper  reqoi 
for  loop  system  conductors 
greater  than  in  other  systems.  1 
the  potential  is  much  better  nu 
tained  than  in  systems  more  e 
nomical  of  copper. 
TVte  5ystw>~lcL  the  early  installations  a  pair  of  mains  « 

cArr'.*i\l  ::rv>m  the  station  thrcu^  the  district.    From  this  ptii 
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are  connected  by  their  individual  leads.  In  this  arrangement 
the  length  of  main  for  each  lamp  is  identicsfl.  This  length  is 
half  the  circumference  of  the 
circle,  assuming  that  the 
lamps  are  so  close  to  the 
mains  that  the  circles  of  wire 
virtually  coincide.  In  prac- 
tice this  scheme  would  be 
carried  out  by  two  more  or 
less  irregularly-shaped  cir- 
cuits of  mains.  The  feeders 
would  be  tapped  in  at  opposite 
points. 

In  Fig.  350  the  closet  sys- 
tem is  shown  as  carried  out 
for  a  number  of  lamps  ar- 
ranged in  four  closet  connec- 
tions, with  voltmeters  and 
fuses  for  each  group; 

Cylindrical  and  Conical  Conductors, — Wire  is  normally  of  one 
diameter  throughout,  and  is  almost  always  of  circular  cross  sec- 
tion.   Where  such  wire  is  used  throughout  a  circuit  or  division  of 


Fio.  349.— Closet  System  op  Par- 
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Fio.  350.— Closet  System. 


a  circuit,  the  term  cylindrical  system  is  applicable.    It  t\\fe  ^Vt^ 
is  reduced  in  diameter  as  the  distance  tToia  lYv^  ^\.a\\wi  \TiR7c^"a»fc'a»> 
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it  represents  a  cone,  and  the  term  "conical"  becomes  applicable. 
The  reduction  in  diameter  may  be,  and  practically  always  will 
be,  by  reduction  of  diameter  at  various  places,  so  as  to  constitute 
a  step-by-step  reduction.  The  cylindrical  system  secures  the 
most  even  effects  as  regards  potential  difference,  while  the  conical 
system  saves  copper,  and  if  properly  carried  out  secures  good 
enough  results  in  evenness  of  potential  difference. 

It  is  important  to  keep  in  mind  the  statement  of  the  last  para- 
graph; conical  distribution,  Fig.  351,  does  not  secure  even  iwten- 
tial  difference  between  the  lines.  What  it  may  secure  if  properly 
calculated,  and  if  the  number  of  lamps  or  other  appliances  as- 
sumed in  the  calculation  are  operating,  is  an  even  potential  drop 
per  unit  length  of  line.    A  drop  of  this  description  is  simply  to  be 


Fig.  351.— Conical  Mains. 

accepted  as  an  indicator  of  good  practice  and  as  giving  a  basis 
for  calculating  the  sizes  of  conductors. 

Calculation  for  Conical  Conductor.— Assume  that  lamps  to 
be  supplied  by  a  main  can  be  divided  into  three  groups  for  the 
purposes  of  the  calculation.  Let  the  initial  difference  of  poten- 
tial be  115  volts.  Suppose  the  first  group  of  lamps  are  of  an 
average  voltage  of  114  volts,  the  next  group  112  volts,  and  the 
last  group  110  volts.  The  wire  is  to  be  reduced  in  two  steps. 
What  should  be  its  resistance  at  the  three  divisions?  Suppose  50 
lamps  are  in  the  first  group,  60  in  the  next,  and  30  in  the  last, 
and  that  each  lamp  takes  ^>  ampere  of  current. 

.     50  +  60  +  30 

The  iota]  current  is =  70  amperes.    By  Ohm's  law 

2 

R  =  ~-  and  substituting  we  laa\e  U  = — Q'^^-  'X:\iN&\^'Cafc\'Ms.Sa.\r 
ance  of  the  first  portion  oi  t^ie  maiii^,  ot  \|\^^  iJ^ml^t  «w2^\^^ 
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to  give  a  drop  of  one  volt  Tor  the  114-volt  lamps.  The  next  section 
has    ^^  +  ^"^  =  45  amperes  to  supply  at  a  drop  of  2  volta;  its  re- 

a 

slstance  is  _I_ohm,  or  1/45  ohm  for  each  lead.    The  third  has  — 

45  a 

=  IE  amperes  at  2  TOlts,  giving  a  resistance  ot  -^  ohm  Tor  both 
leads.  In  diagram  the  above  conditions  would  be  indicated  as  in 
the  cut.  Fig.  352. 

Suppose  that  each  section  ot  conductor  is  of  the  same  length, 
and  that  it  was  a  cylindrical  conductor,  one  of  the  same  diam- 
eter throughout,  and  that  the  diameter  was  that  of  its  flrst  or 
largest  section.     The  drop  for  the  flrst  group  of  lamps  would  be 
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one  volt  as  before;  for  the  second,  by  Ohm's  law,  B  =  R  I,  It  would 
be  —  X  —  =  "^  -  ™lt ;  and  for  the  third  J_  X  IS  =  i^  volt.    The 

total  drop  from  the  station  for  the  second  group  would   be  1  _ 
1  70 

W    volts;  for  the  third  group  1  ^^ 1-  —  =  1  —  volts  tor  the  maxi-, 

■  7.1  ^  7J  70 

P"  mum  drop  of  the  system,  instead  of  5  volts  as  before, 
I  The  whole  question  is  to  be  anewered  for  each  case  partly  by 

judgment.  This  ia  based  partly  on  the  cost  of  copper  per  pound 
and  the  Interest  charge  thereon.  As  both  of  these  factors  vary 
from  year  to  year,  there  can  be  nothing  decisive  about  the  re- 
sult. The  lamps  to  be  supplied  and  their  location  are  other  factors 
also  liable  to  change  from  time  to  time,  and  varying  every  hour 
In  the  numbers  in  use.  Very  expensive  errata  ^i&'ie.  ^iWiii  Taa.?!*. 
I  by  mBBumlDg  that  rigid  accuracy  or  even  an  a^'pTOB.c^ 'Cb«^^'^sj  "«■* 
pOBslbJe  In  this  clasa  ot  calculation. 
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The  term  cylindrical  is  convenient  as  indicating  that  the  con- 
ductor to  which  it  is  applied'  is  of  even  cross-sectional  area.  A 
great  many  mains  have  been  used  which  were  not  of  circular 
tTOss  section,  notably  in  the  early  Edison  installations.  The 
term  cylindrical  can  be  applied  to  them  to  indicate  the  feature  of 
even  cross-sectional  area. 

Treating  the  wire  of  graduated  thickness  as  if  it  were  a  true 
cone»  it  will  follow  from  the  laws  of  geometry  that  with  the 
same  initial  thickness  the  conical  system  will  use  but  one-third 
the  copper  that  the  cylindrical  one  will.  This  is  because  the  vol- 
ume of  a  cone  is  to  that  of  a  cylinder  as  1  is  to  3.  The  total 
drop  in  potential  in  a  truly  conical  system  will  be  twice  that  on 
the  cylindrical  one.  If  the  initial  section  of  the  conical  conductor 
is  made  three  times  that  of  the  cylindrical  one,  it  is  evident,  from 
the  proportion  stated  above,  that  they  will  be  of  equal  weight,  and 
calculation  shows  that  in  such  case  the  drop  of  the  conical  con- 
ductors will  be  two-thirds  that  of  the  cylindrical  ones. 

A  diminution  in  the  total  drop  is  advantageous  in  two-  aspects. 
It  indicates  economy  of  energy,  because  less  watts  are  expended 
on  the  line.  It  makes  the  voltage  at  the  place  of  connection  of 
each  lamp  more  even  along  the  line.  Lamps  of  a  more  even  volt- 
age can  be  used. 

From  the  above  it  follows  that  conical  mains  are  advantageous 
if  they  are  not  made  of  too  high  resistance.  The  same  weight  of 
copper  does  better  work  as  a  conical  than  as  a  cylindrical  main. 

In  practice,  conductors  are  invariably  reduced  in  size  as  they 
have  fewer  lamps  to  supply.  Feeders  which  run  out  into  the  dis- 
trict untapped  are  of  uniform  size  throughout.  In  electric  rail- 
road practice,  considerations  of  strength  operate  to  make  the  use 
of  cylindrical  conductors  advisable  for  overhead  work. 

Anti-Parallel  Systems. — These  are  systems  in  which  the 
current  enters  at  opposite  ends  of  the  two  leads  of  a  circuit. 
Thus,  one  lead  will  receive  current  at  the  point  nearest  the  sta- 
tion, the  other  at  the  point  most  remote.  This  brings  about  a 
relatively  even  potential  difference  between  the  two  leads,  but 
such  connection  is  not  always  practicable.  It  is  highly  advan- 
tageous as  compared  with  the  direct  connection.  The  drop  takes 
place  from  both  ends  toward  lY^e  m\^^^. 
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The  diagram,  Pig.  353,  shows  a  num.ber  of  lamps  or  otlier  re- 
ceivers or  appllanoes  arranged  on  the  anti-parallel  system  with 
cylindrical  conductors.    The  characteristic  feature  ot  the  system 


1 


^      M     M      ^1 


-Akti-Pasai.t.el  Sthtem. 


hat  no  lamp  recelyes  the  full  potential  of  the  system,  however 
r  the  origin  of  one  of  the  lines.     The  nearer  it  is  to  the  origin 


£ 
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of  one  line,  the  farther  it  is  from  that  of  the  other,  and  thus  a 
drop  inevitably  is  Introduced.    Assuming  the  lamps  to  he  evenly 

A       !,. — . V^_j B 


distributed  along  such  a  line,  the  end  lamps  will  have  the  same 
potential.     The  greatest  drop  is  in  the  center  of  the  line. 

Finally  we  come  to  conical   mains  in  anti-parallel.     The  cuta, 
FlgB.  354  and  355,  indicate  the  system.    Ou  ft\)to^w.l.\Q¥,  \'^  ■«>  "'J^- 


i 


490  ELECTRICIANS'   HANDY   BOOK. 

culation,  it  appears  that  when  all  the  lamps  or  other  appliances 
for  which  it  is  calculated  are  in  operation,  there  is  no  variation 
in  the  potential  supplied  to  each  of  them.  The  figures  in  Fig. 
355  indicate  the  relative  areas  of  the  conductors. 

All  calculations  of  the  systems,  it  will  be  understood,  were 
made  on  the  supposition  that  all  the  lamps,  etc.,  were  in  oper- 
ation at  once. 

Again  we  have  the  3  to  1  ratio  of  weights  of  cylindrical  and 
anti-cylindrical  conductors.  If  the  weights  of  copper  employed 
in  a  conical  and  a  cylindrical  anti-parallel  system  are  the  same, 
the  conical  is  far  more  economical  in  energy  expended  on  the 
line. 

Individual  Voltages  of  Uunps*— As  by  calculation  variations 
in  voltage  are  inevitably  found  to  exist  in  different  parts  of  an 
active  system,  lamps  .of  different  voltage  are  used.  A  range  of 
110  volts  to  115  volts  may  be  advantageously  employed.  The' 
low-voltage  lamps  go  to  the  more  distant  parts  of  the  system, 
unless,  owing  to  some  peculiarities  of  the  circuits,  the  drop  in  the 
mains  brings  the  place  of  low  potential  near  the  station.  In  this 
way  the  drop  in  the  mains,  which  increases  from  generator  to  the 
outer  limits  of  the  district,  is  compensated  for.  By  Ohm's  law  in 
its  form  E  =  R  I  the  drop  of  any  portion  of  the  main  is  calcu- 
lated. Its  resistance  is  known  as  being  functions  of  its  length 
and  crossrsectional  area.  The  current  it  has  to  carry  is  known 
from  the  number  of  lamps  it  has  to  supply.  On  multiplying 
these  two  factors,  the  drop  for  that  portion  of  the  main  is  given. 

If  therefore  a  complete  system  of  electric  parallel  distribution 
is  given  to  an  engineer,  he  will  have,  by  following  out  the  above 
method,  to  determine  the  special  voltages  of  the  lamps  to  be 
placed  at  different  localities.     It  is  quite  likely  that  the  system 
may  have  been   laid   out  with   regard   to   greater  consumption 
in  the  near  future.     Original  calculations  based  on  the  full  ca- 
pacity of  the  mains  must  be  discarded,  as  far  as  lamp  voltages  are 
concerned,  if  only  a  portion  of  such  capacity  is  utilized.    Calcu- 
lations  based  on  the  actual  OMtput  and  on  its  true  distribution 
win  give  the  drops  in  potenUaV  tox  t\i^  n^t\ov«.  vs^»X&.  '^^^^^o^  on 
subtracting    these   drops    trom  t\ie>  No\\a."&^  ^^  >^^  ^XaSsa^,  S>wi. 
proper  voltage  of  tlie  lamps  wW\  'Vi^  loxwi^. 


^ 
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This  process  has.  in  a  growing  district,  to  l^e  repeated  from 
time  to  time  as  more  lamps  are  put  in  use.  The  only  final  calcu- 
lation [s  tlie  one  covering  the  district  in  its  final  and  fixed  condi- 
tion. The  ealcuiatlon  ia  accurate  only  when,  all  the  lamps  It  pro- 
vides for  are  In  use. 

Relation  of  Current  to  Drop.— The  drop  in  voltage  varies 
■with  the  current  intensity.  This  follows  from  Ohm's  law.  The 
current  intensity  will  vary  from  a  very  small  quantity  In  the 
daytime  to  a  relatively  higli  figure  called  the  "peak,"  during  tte 
evening.  The  drop  will  on  the  average  vary  In  like  ratio. 
Therefore  it  is  good  practice  in  operating  the  works  to  vary  the 
voltage  In  such  a  way  as  to  take  care  of  the  variations  in  drop. 

Assume  the  following  case:  The  current  supplied  by  a  given 
station  at  the  time  of  maximum  demand  is  200  amperes.  The  drop 
varies  from  1  volt  to  6  volts  at  this  current,  and  lamp's  are  dis- 
tributed to  suit  these  figures.  At  a  certain  period  100  amperes 
are  heing  delivered.  The  maximum  drop  varying  with  the  cur- 
rent will  be  one-half  what  it  should  be,  namely,  Vj  X  6  ;:^  3 
volts.  The  average  lamp  will  receive  therefore  3  volts  more 
than  it  should.  This  condition  is  met  by  reducing  the  initial  volt- 
age that  much.  At  another  period  170  amperes  are  being  deliv- 
ered, or_il!i_of  the  maximum  current.     The  drop  under  these 

conditions  is  equal  to  6  X  -^ 1^  or  a  little  over  5  volts. 

iuo    -     20 
This  gives  the  average  lamp  6  —  B  :=  1  volt  more  than  it  should 
receive.     To  compensate  for  this,  the  station  voltage  may  be  re- 
duced this  amount. 

This  method  gives  an  approximate  correction,  which  may  be  put 
Into  a  simple  tabular  form  for  use  in  the  dynamo  room.  It  la  only 
an  approximate  correction.  The  saving  clause  in  such  cases  is 
that  the  mains  in  parallel  lighting  only  give  a  small  drop  at  the 
maximum.  But  a  variation  of  six  volts  in  an  Individual  lamp 
would  be  enouRh  to  cover  the  range  from  the  condition  facetiousl.v 
Indicated  as  that  of  a  red-hot  hairpin  to  brilliant  incandescence. 

The  necessity  tor  keeping  the  maximum  dto?  avaft.W  ■\na^es.\as%'a 
roalaa  necessary.     The  drop  question  l8  fke  >«ea.\t 'So'iTi.^ 't^'^-'^-'^"^^" 
]    i^escent  Ilgbtlng. 
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UaJfomi  Potcfitial  ricthods. — In  some  small  worics  the  s^Q^' 
2.*nr-  ar*  mn  ar.  a  unfform  potential,  one  which  at  full  load  gi^*s  » 
•  ofipi*  of  vo:^^  or  'her^aVjut  too  little  voltage  to  the  lamps,  ttt-^ 
an  rh*  minimnm  or  no  load  elves  abont  the  same  amotmi  io 
eii'*w.a.     Thi-s  iji  a  very  simple  plan,  bnt  one  not  to  be  imitatei 

[f  the  ensrinei^r  in  oha rze  of  the  station  is  of  the  amall*^ 
rf*CT'»t='  of  rnmpeten^^y.  he  can  run  np  his  voltage  as  the  cnrrenc  in* 
rr**aj;**rt    so   a^   ro   follow  closely   a  schedule  given  him  by  ti* 

Auto  antic    ResnlatJon   of  Vrlt^e   can  be  obtaineii  in  sarofi 

.*-«7--*    "!'    'IS Id?   ov.arH?om pounded    dynamoe.        A   series-woaD* 

lyr.ir.:-^  •^-t'.v.hs  o!1  a  parallia'e  •:  ire  a  it  will  increikse  its  volta?**' 

•^i.'i  ;  i~7  :.?  rirzeii  on.     A  sbant-woond  dynamo  will  lower  i'^ 


';t.  -T?  :  F.-i."!"":  ly?  rrLi:T7-:r< 


S  ;^-.-      [  c     ■"!;.'*■ 


{ 


■  I   •  •  ■ 


V  ^ 


t    ^ 


■.^••.    •:_      :i   jf  L  f:-;>  na::rr  :o  so 
I     if    ir.:  t":fT  :il~;   :?  --me^  on. 

•  ■■■■     '  ■■:■    "i:  n-^T  }n  t*  "sri.j^i  ]ie  'J^ 


:.'    'h<!-  Tf.jTiti:*-  tti:]  rise  ju?^ 

-.i   v'*'r*-  ruTZi^'L   en.    But  th« 

'■.{."    :»'    sc-  low  as-  ''0  do  iDJurr- 

*.::K.iiS'  Itv  Ti*^  nsf-  of  automatic 

'     I  :hf  (Ii&£TBm.  Fig.  356.  There 
••    Tpitv  be  uaod.    As  each  circuit 
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ts  the  same  voltage,  th«  lamps  or  motors  have  to  be  chosen  with 
11  recognition  of  this  fact. 

Feeders.— In  electric  lighting  and  power  circuits  on  the  con- 
ant-potential  system,  a  special  class  of  conductors  called  feeders 
'e  employed,  whose  function  is  to  increase  the  evenness  of  the 
)tential  through  the  system. 

Feeders  are  conductors  which,  starting  from  the  generating 
iant  or  central  station,  run  out  into  the  district  and  are  there 
mnected  to  the  lighting  or  power  mains.  No  current  is  sup- 
ped to  be  taken  from  them  en  route.  They  go  out  in  pairs  for 
le  two-wire  system;  for  other  systems  three,  five,  or  seven 
irallel  lines  are  installed.  Feeders  operate  by  their  direct  con- 
ection  with  the  power  house  to  raise  the  potential  of  the  circuit 
hich  they  are  connected  to.  All  of  the  circuit  particii)ates  to 
>me  extent  in  the  increase.  The  feeder  carries  current,  and  there 
'  a  drop  of  potential  in  it  also. 

If  there  were  a  given  drop  in  the  mains  between  the  power 
:ation  and  point  of  connection  of  the  feeder,  it  might  seem  that 
feeder  with  a  greater  drop  than  this  one  would  be  useless.  But 
feeder  will  always  raise  potential.  It  gives  a  parallel  path 
>r  current,  reducing  the  current  in  the  regular  leads,  and 
lereby  raising  potential.  The  drop  in  a  feeder  will  never  exceed 
lat  in  the  mains  parallel  with  it.  However  small  it  may  be,  it 
ill  improve  the  service. 

The  feeder  must  not  be  thought  of  as  delivering  station  voltage 
the  circuit.  Suppose  a  feeder  had  a  resistance  of  0.1  ohm,  and 
hen  connected  to  a  circuit  at  a  distant  point  delivered  100 
nperes  of  current  at  full  consumption.  Then  by  Ohm's  law 
e  drop  of  potential  in  the  feeder  would  be  E  =  R  I  =  0.1  X 
0  =  10  volts.  If  the  station  voltage  was  125,  the  feeder  would 
(liver  125  —  10  ^  115  volts  to  the  circuit.  If  half  the  current 
fised  through  it,  its  drop  would  be  one-half  the  above,  or  5  volts, 
id  it  would  deliver  125  —  5  or  120  volts  to  the  distant  circuit. 
It  follows  from  this  that  feeders,  unless  extravagantly  large,  do 
it  dispense  with  station  regulation.  They  are  an  adjunct  to 
pply  circuits,  which  tends  to  improve  the  service.  There 
ems  no  good  reason  for  absolute  abstention  from  tapping  them. 
treating  of  them  they  are  generally  assumed  lo  \i^  l^^^^x^ 
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only,  and  not  to  supply  energy  except  to  the  circuit  where  con- 
nected. 

Several   diagrams   of   feeder   connections   are    given.     In   Fig. 
357  a  number  of  feeders,  F,  F',  F",  are  shown,  each  with  a  switch, 
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Fig.  357— Feeders  With  iNDiviDUAii  Switches. 

Z>,  r,  or  d,  by  which  it  can  be  thrown  out  of  action  when  de- 
sired. M  M  are  the  mains.  Sometimes  an  effort  is  made  to  con- 
nect feeders  symmetrically.  This  means  that  each  one  shall  feed 
the  same  number  of  lamps.     This  plan  is  of  little  value,  because 


F' 


Fig.  358.— Feeders  With  Rheostats. 


the  same  number  of  lamps  can  never  be  assumed  to  be  burning  at 
all  times.    A  general  estimate  \s  a\\  tYval  ^«Ai\i^  TSkftAa. 
The  next  cut,  Fig.  358,  sho^s  axL  altcm^l^^  ^^"^^^a^^^"^  ^^  "^^ 
M&t  described  connection.    Here  eae\i  le^^^x  ^^aa.  Ve^  wd.  T\«fi«8«x. 
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This  inakes  it  possible  to  vary  the  resistance  so  as  lo  maintain 
an   even   potential   drop  in   the  feeder.     This  method   is   opposed      ' 
to  tlie  general   law   to   the  effect  that  resiatanee  should   be  con- 
centrated  in  the  lamps,  or  wherever  heat  energy  is  lo  be  used. 
The   putting   resistance    voluntarily   into   a   feeder   or   any   other      ' 
transmission   line  is  on   its  face  at  least  bad   engineering.     The      | 
voltage  should  be  increased  or  reduced  at  the  dynamo.    Reaist- 
ance  such  as  indicated  In  the  diagram  is  called  "dead"  resistance. '    \ 
Auxiliary    Feeder  Connections  at  higher  voltage  than  that  of     ; 
the    station    dynamo    are   sometimes    used.      The    next   diagram,      ' 
Fig.  359,  shows  this  method.     To  the  left  is  the  station  dynamo      ' 

J    V         -. 

i^^H^.HW  ' 

Pia.  359.— AuiiLiAftY  Bcs-Bah  Coskbciioh. 

delivering  current  to  the  main  feeder  F'.    For  auxiliary  feeders 
a    special   bus-bar   is   provided.     This   is   connected    to   a   special 
dynamo  D,  which  maintains  any  desired  potential   In  the  feeder 
circuit  F.     A  is  connected  to  D  by  tie  switch  a. 

Transfer  Bus-Bar.— Sometimes  a  feeder  supplied  from  one  bus- 
bar of  a  given  potential  has  to  be  shifted  to  another  at  a  higher  or      i 
lower   potential.     A   transfer   bus-l>ar   is   used    for   this   purpose. 
In   the   diagram.   Fig.    360,   A    is    a   high-potential,   C    is   a   low- 
potential,   and    B    the    transfer   bus-bar.     Suppose   that   the   low- 
potential  feeder  M,   as  the  circuit  is  drawn  upon   for  current  in 
the  lighting  hours  of  the  evening,  has  to  be  shifted  from  C  to  A. 
The  switch  e  Is  closed  upon  B.     At  d  la  a  rhftofttw.,     6i%  *\iy«-&, 
the  circuit  at  d  is  open.     The  arm  ol  the  v\ieos\.»X  'v^  %^NM■c^■fe  va 
the  left,  Uius  closing  the  contact  through  ttie  tes\%\»-^'i'i  o\  ■<S« 
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rheostat.  The  switch  arm  d  is  moved  on  slowly  until  an  ammeter 
shows  that  B  is  taking  all  its  current  from  A.  This  can  be 
brought  about  by  reducing  the  resistance  by  moving  the  switch  d. 
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Fig.  360.— Transfer  Bus-Bar. 

The  switch  b  is  next  opened,  and  d  is  swung  to  the  end  of  its 
course,  so  as  to  cut  out  all  resistance. 
Example. — As  an  example  of  parallel  and  feeder  distribution 
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Fig.  361.— Example  of  Paralleii  Distribution* 


embodying  conical  leads,  Fig.  361  is  given,  showing  a  district  of 
Paris,  which  illustrates  much  which  has  been  described. 
Fee</er  Economy  .—When  cai)\\.a\  \ia.^  \>^^\i  \\iN^ted  in  tons  of 
copper  in  order  to  keep  resislaiicvi  ^o^\v«\\>C£vtw\.^^>^^N-\s^^^^ 
ti'ict,  it  seems  crude  to  regu^ale  \:\i^  ^.^^-^^^  ^^  l^^\w.\s^  -i^\^«.« 
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tarliy  increasing  their  resislance  by  a  rtieostat.  It  aeems  atiil 
worse  to  nialie  tiiem  alaoiiitely  useless  liy  opening  a  switch.,  and 
utilizing  an  expensive  feeder  line  perhaps  only  during  an  hour  or 
two  of  peak.  With  rheostats  some  good  is  got  out  of  the  lines. 
With  an  open  switch  the  line  does  nothing.  i 

It  is  fair  fo  assume  that  most  stations  are  operated  largely 
for  liglt.  It  therefore  follows  that  for  some  twenty  hours  out 
of  the  twenty-four  their  mains  will  be  comparatively  Idle.  Hence 
if  a.  main  is  switched  on  for  only  one  hour,  it  is  hardly  fair  to 

say  that  It  Is  Idle  for  35.  of  the  day.  Relatively  speaking,  it  would 

24 
be  fairer  to  refer  fts  action  to  the  lighting  period. 'and  treat  it  as 
idle  for  three- fourths  of  the  time  only. 

Three-Wire  System.-The  three-wire  syetem,  like  the  rest  of 
tlie  parallel  systems,  is  a  concession  in  the  direction  of  economy 


HL 


5 


Fig.  sas.— Th&he-Werb  Ststrm  With  Osi  Oamm^TOB. 

of  copper.  The  direct  source  of  this  economy  lies  In  the  doubling  ' 
of  the  initial  voltage  of  the  system.  For  lamps  of  110  volts  a. 
potential  difference  of  220  volts  between  the  mains  is  employed. 
The  station  dynamo  may  run  at  230  volts.  A  further  economy  in 
the  expenses  ot  the  leads  or  conductors  is  based  on  the  probability 
that  lamps  can  be  so  distributed  Into  two  groups  that  all  the 
lamps  in  one  group  will  never  he  lighted  at  a  time  when  all  tte 

the  other  groups  are  extinguished. 
[  Fn.  the  three-wire  system  three  leads  are  carried  through  the 
lltrict,  Fig.  3fi2.     A   potential   difference  of  220  to  230  volts   is 
bitained  between   two  of  the  wires;    the  third  wire  lies  half 
;  between  the  others  in  potential.    The  third  one  is  called 
Eneutral  wire.    One  dynamo,  as  in  this  cut,  or  two,  as  ta  Ft?,. 
E  may  maintain  the  power. 
Savlag /a  Copper.~The  saving  is  due  to  ftie  twA 'CivbX  **>.«'  '^^^ 
enit  Has  Its  two  outer  leads  maintained  at  4qmW.<s  XS^«  ■^\koS,'i»» 
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difference  of  that  which  would  be  required  In  tbe  two-wire  sya- 
tetn.  Hence  for  the  same  number  of  watta,  and  conaequentlf 
for  the  same  number  of  [amps,  one-ha]f  the  current  would  be  re- 
quired. The  two  outer  conductors  could  be  made  one-hall  tbe 
Bize  of  thOBB  in  the  two-wire  system.  ThU  would  be  one-hall  the 
copper.    But  the  neutral  wire  has  to  be  provided.     This  may  be 


Fin.  363.— TEtRiE-Wina  SraTBu  With  Two  OEirsRATOaa. 

smaller  thao  either  of  the  others,  but  it  is  always  of  some  con- 
siderable proportion  of  the  size  of  the  main  wires. 

If  the  lamps  were  always  lighted  in  even  number  on  each  side 
of  the  neutral  wire,  it  could  be  dispensed  with.  If  all  the  lamps 
on  one  side  were  lighted  and  all  on  the  other  were  extinsulahed, 
the  neutral  wire  would  have  to  be  as  large  as  the  mala  wire. 


Tia.  3^-4.— Amos 


NeDTRAI.  WlBM. 


relative  size  is  a  matter  sometimes  of  calculation  and  sometimes 
of  judgment. 

The  diagram.  Fig.  364,  shows  a  case  typical  of  the  three-wire 
system.  The  neutral  wire  here  has  two  currents  going  throu^ 
different  parts  of  it.  in  opposite  direelions.  It  is  like  two  tides 
coiaing  around  an  island  and  impinging  against  each  other.  A 
portion  of  the  neutral  wire  \ii  IWa  c«.se  teceUea  no  current  what- 
ever, jet  other  parts  of  it  ave  liaaa^TiS  t-atTCTA  «i.i  X^sw^at  the 
system  balanced, 
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Two-DynamoThree-WlreSystem,— In  Brst^Iaas  Elation  work 
the  Lbree-wire  syatem  is  operated  by  two  dynamos,  eaeli  of  the 
requisite  poteniial  to  supply  a  sinsle  set  of  lamps.  The  cut.  Fig. 
365,  shows  the  sj'slem.  It  is  clear  that  each  dynamo  could  sup- 
ply the  larapH  between  its  main  and  the  neutral  main.  The 
neutral  wire  or  main  connects  with  a  line  connecting  the  two 
dynamos,  one  positive  and  one  negative  brush,  aa  shown. 


Fin.  385.-Tni 


Single-Dynamo  Three- Wire  System. -Various  modlBcations  of 
the  three-wire  system  are  empioyeii  in  special  cases.  One  Is 
shown  in  Fig.  362,  in  which  the  neutral  wire  does  not  connect 
With  the  siuRle  dynamo  used.  This  dynamo  must  have  twice  the 
voltage  required  for  a  single  lamp  in  addition  to  that  required 
(or  the  drop. 

Three-Brush  Dynamo. — Another  modification  conaiatE  in  the 
Introduction  of  a  third  brush  on  the  dynamo,  placed  midway  be- 
tween the  regular  ones.  The  neutral  wire  is  connected  to  this 
bniBh  as  Khowc  in  the  cut.  Fig.  3li6.  The  system  te  ».-¥v,\n  •&'»'* 
B  great  deal  of  sparking  on  the  commuta.tOT  \l  Ave  \,"«q  tXitsiiS-^ 
Ma  different  ciirrentn.     The  normally   Iflte  MutiflA  -*'««  "^"^^"^c 
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lamps  at  once.  Where  there  is  little  chance  of  great  ineqi 
between  the  two  groups,  such  an  arrangement  will  work 
well.  It  is  not  to  be  regard< 
a  standard  method,  on  accou 
the  liability  to  aparking  oi 
mutator. 
Storage  Batteries  In 
Three-Wire  System  can  be  us 
advantage.  The  cuts,  Flga, 
and  368,  show  three-wire  eyt 
with  storage  batteries.  ' 
lamps  are  extinguished,  the 
plus  current  from  tha  dy 
goes  til  TO  ugh  the  battery 
When  the  cu 
from  the  dynamo  Is  drawn 
beyond  Its  fullest  extent,  the 
age  battery  comes  into  action 


JEr- 


supplies  the  deficiency,  lis  acUoiv  \»  ^c?,\\\Wt'!L 'c-j  th,e  u 
cells,  counter  elect romolWe  loice  teWa,  w  ^'iits>^\».\., -aa 
tpoken  of. 
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Storage  Battery  Equalizer  In  Three-Wire  System.^ln  Pig. 
369  the  storage  battery  S  is  connected  to  tte  neutral  wire  N  and 
to  the  outer  wire  M.  if  lamps  are  extinguished  on  one  aide  of 
the  system,  the  current  thus  thrown  upon  N  is  taken  care  of 


Fill.  afiS.— Thrkb-Wirb  System  With  Storagb  BATTEnv  Eijoaukbr. 


by  the  hattery.  It.  will  charge  or  discharge  according  to  which 
group  A  or  U  ia  using  most  watts.  A  rheostat  is  provided  to  regu- 
late the  dynamo  field.     The  battery  could  be  connected  to  P  in- 


I      Btead  of  to  M,  but  not  to  both  without  abaii4QTi\ii?,  ftvVa  v*-'^'^"^'*'^'' 
arraagpiaent. 
Bmlanclttg  Dynamo.—The    Illustration.    FVg.   ^^ft.   ■a^^^*  ' 


PlO.  370,-BAL4 


Three- Wire  Svbt 
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dynamos  In  a  three-wire  system,  one,  indicated  by  A,  being  of 
double  the  voltage  of  B.  Both  are  driven  from  the  same  counter- 
shaft  E.  At  even  load  on  both  branches,  P  and  M,  the  dynamo  B 
runs  idle.  If  the  branch  P  has  most  load,  current  going  through 
the  neutral  wire  goes  through  B  and  actuates  it  aa  a  motor.  If 
M  has  most  load,  B  operates  as  a  dynamo  to  supply  the  M  side 
of  the  systeni. 

Motor  and  Booster.-In  the  cut.  Fig.  371,  A  represents  a  dyna- 
mo running  at  a  high  enough  potential  to  make  the  loss  between 
G  and  R  comparatiyely  small.  A  is  in  the  central  station,  R  and 
C  are  in  the  district.  R  is  a  motor,  and  its  functions  are  to  drive 
the  tiooster  C. 


,— Motor  akd  Boost  i 


lEB-wma  Ststbm. 


Five  and  Seven-Wire  System.— The  three-wire  system  : 
first  step  in  multiple  wiring,  as  a  two-wire  system  does  n< 
into  the  category  of  multiple  wiring,  where  It  etymological  I  r 
should  belong.  The  next  step  is  to  add  couples  of  wire.  Thus 
the  five-wire  and  the  seven-wire  system  are  developed.  In  the  flve- 
wire  system  the  potential  Is  four  times  that  of  a  single  lamp; 
in  the  seven-wire  system  it  is  six  times  that  quantity.  If  stand- 
aril  incandescent  lamps  are  used,  the  voltage  of  the  systems  will 
be  120  X  4  ^  480  volts,  and  120  X  6  =  720  volts,  allowing  for  the 
drop  of  the  lines. 

Tfie  central  wire  is  the  neutral  wire,  but  the  current  may  be 

variously  divided  among  the  -wvies  ^:iT  '^'t*'*  COTOKi.m^W.'OTi.  varying 

In  ri/fferent  groups. 

The  high  voltages  are  not  f  einf  ^aU.  m^*  ^'' 


si.'Xifti^afia^  « 
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that  such  a.  multiplication  of  wires  eomplleates  the  station  ma- 
chinery and  the  distribution  of  lamps  on  the  circuits.  The  at- 
tendant high  voltage  exacts  better  insulation  and  more  careful 
laying  of  mains  and  leads.  In  America  the  three-wire  system 
has  obtained  by  far  the  greatest  extension.  In  Europe  the  fiye- 
wire  system  Is  used  in  a  number  of  places. 

Examples  of  flve-wlre  systems  are  shown  in  Figa.  372,  373,  and 
374.     Tie  last  two  Illus- 
trate  the   use   of  storage 

batteries    at   the    station  J^  ?      ? 

end  of  the  system.    They        /^~~\  ^      i^ 

are  susceptible  of   many 
variations. 

High  -Voltage  Paral- 
lel Systems.— The  manu- 
facture of  220-volt  lamps 


considered  a  dif-  _^        -p  y       y 


i- 


ficult    problem    to    solve  f^\  '£'  }       ^  Q 

under  commercial  limits.  (  J  _xz 1        j^  ^ 

With   such,    a   three-wire  ^~/^    'J.  .  .    . — I   j-'l~ ^ 

system  could  be  operated  f  _       t T       T y. 

at  480  volts  minimum,  re- 
ducing   the    copper    used  . — j— j- — t ptr- 

for  mains  to  one-half  the  /S,      -r  '    ,   ^    .  V 

amount      for      110-volt  \.^     tE"  {>      ^  Q 

lamps.     Some  authorities  ^~     III  I       i  r\  ' 

consider    that   the    three-  (       j      ~p J  r      I "^^ 

wire  system  with  220-volt  ^—/      t r      V  Q 


lamps  Is  destined  to  pre-       Fms.  37a,3r3isD314— Fiti-Wirb3tste 
vent  the  extensive  use  of 

the  flve-wlre  system.  Multiple-wire  systems  possess  a  fea- 
ture which  may  be  of  value.  There  la  nothing  in  the  system 
to  interfere  with  the  possibility  of  connecting  apparatus  such 
as  motors  across  from  main  wire  to  main  wire,  thus  utilis- 
ing the  double  voltage  of  the  system  with  the  exclusion  o( 
the  neutral  wire.  A  220-volt  motor  can  ttvi?.  'W  -vvafe*-  ^^  "*- 
tbree-wlre  110-volt  cfrcuit.  On  a  ft\e-'N\'Cft  ov  %e:s«tt--^^^«i  '^^^ 
rftstBi  the  entire  potential   difference  wU\  a^vvo*-'*^*^'*  ^'^'^^'^^ 
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ly  480  and  720  volts.  This  gives  the  conditions  for  a  high- 
power  motor  with  small  conductors.  The  voltage  in  such  cases 
is  about  that  of  a  trolley  car  system,  and  the  system  repre- 
sents a  combination  of  high  and  low  voltage  parallel  distribu- 
tions. 


■o- 


-o 


o  e»   t^ 


TRANSFORMERS  ARRANGED  IN  SERIES, 
WITH  LAMPS  IN  PARALLEU 


TRANSFORMERS  ARRANGED  IN  SERIES,^ 
WITH  LAMPS  IN  SERIES. 


TRANSFORMERS  ARRANGED  IN  PARALLEL^ 
WITM  LAMPS  IN  PARALLEL^ 

Figs.  875, 876  and  377.— Exabcples  of  Transformer  DiBTRiBCTioir. 

Alternating-Current    Distribution. — The  use  of  the  transform- 
er to  change  voltage  is  the  characteristic  feature  of  this  class  of 
distribution.    Fig.  375  shows  in  diagram  transformers  in  series, 
each  absorbing  a  portion  of  the  voltage  of  a  dynamo  and  trans- 
forming it  into  voltage  adapted  for  lamps,  which  are  supplied  in 
parallel  from  the  secondaries.    "Fis-  ^'^^  ^^lo^^V  ^w\fia  of  trans- 
formers  as  before,  but  each  one  sww\y\x^?>  ^  ^^"^  ol\^mise.\».^^«^ 
A  full  parallel  system  is  sHown  in  ^\%.  ^1^  >  ^^^^^  iv^x.x^s.^i^vb.^^ 
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are  in  parallel,  their  primaries  connetting  to  two  leads  from  a 
dynamo,  anil  lamps  in  parallel  being  snppHed  from  eacli  trans- 
form.er.  The  lamps  as  In  both  the  preceding  cases  take  current 
[rom  the  set-on d a ries.  The  latter  arrangement  is  shown  more  In 
detail  In  Fig.  3TS.  where  arc  tamps  absorbing  104  volts  each  are 
supplied  by  means  of  a  converter  from  a  1040  or  20S0  volt  circuit. 


FlO.  IK'S.— THABSFOBMBB  CONinCTrOM 


Abo  Lamps. 


Individual     TransformerB.— Small   transformers  are  used  for        I 
single  motors  and  lamps.     In  Fig.  379  is  shown  a  motor  supplied 
from  a  high-tension  clrcilt  by  means  of  a  transformer.    This         I 
and  the  preceding  cut  have  the  names  of  the  diflerent  parts  noted 
on  the  illustration.    Although  only  one  mofor  Is  shown,  the  ex- 
tension of  the  secondary  circuit  to  right  and  lett  VaAvtW-ia!.  S^aS- 
more  motors  may  he  suppUed  by  the  same  Vtanstovnie-T . 
Cboke  Colls.— [n  Fig.  380  Is  shown  a  sVnsVe  \tiCB.xi<ie*c^'*w\.  \^^ 
.  «W7-/wf  oa  a  bracket  with  a  receptacle  at  \ta  ^aao  to  -sVvea  v 
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is  a  choke  coil.    This  is  virtually 


pwiMAWY  cmcuiT 


15 


A       PRtMARV  SWITCH 
UJ     AND  PU8K  lOX 


Pig.  379.— Motob  and  iNDrvrDUAii 
Transformer. 

three  leads  are  connected  as  if 


a  transformer  without  any  see* 
ondary.  It  is  connected  in 
parallel  with  the  lamp.  An 
alternating  current  as  often 
thus  connected  lights  the 
lamp  because  the  inductance 
of  the  coil  sends  current 
through  the  lamp.  If  the 
lamp  filament  breaks,  the  cur- 
rent goes  through  the  coil. 
Thus  the  breaking  of  the  lamp 
does  not  break  the  circuit 
The  arrangement  is  adapted 
for  lamps  in  series,  as  shown 
in  Fig.  381. 

Y  Connect'on  for  Alter- 
nating Current.— Three-phase 
alternating  current  is  often 
distributed  by  the  Y  connec- 
tion»    so   called    because   the 

by  a  letter  Y.     The  diagram, 


FIO.  880.»CH01L1&  Colli  TOB  INOANDRSOBNT  LAXP. 

I'^ig.  381a,  shows  the  systetti.     KV  ^e  %«asi».\ja  «A.  XS»a  %»sa. 
tare  windings  A.  B  and  C  are  coTHvecX-eA.  tjX  «.  ««toA  \«toi>.'^ 
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'his  Is  described  elsewhere  under  the  subject  of  alternating  cur- 
ent  generators.  From  the  ends  of  the  three  windings  three 
earts  are  carried  through  the  district  and  lamps  or  motors  are 
onnetted  as  indicated.  A  motor  is  indicated  on  the  right  hand 
'ilu  Its  three  armature  coils,  A,  B  and  C,  also  connected  at  a  sln- 


ID'IDO  VOLT  LAMPS  m  SERIES. 


Fio.  SBi.- 


:s  WrrH  Chokb  Coils. 


le  point  n.    The  lamps  are  connected  between  any  two  leads  as 

lown.     If  there  are  more   lamps   on  one   pair   than   oa  another 

le  system  will  be  out  of  balance,  and  a  tQ«n\\  lyewUBX  ^\Ta  ««i.- 

ectJi:^  X  and  n  wi(;  be  required.     This  \s  %cime\.\iQ.fes  ti«i\cA  ^^w-"^ 

onection. 

Wat    CQnaectioa.~rM&  is   also  spokeu  ol  x^iv6«  ^\'^^-="^*-"^' 
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current  generators  and  is  illustrated  in  Fig.  381b.     A,  B  and  C 
represent  the  three  armature  coils  of  a  three-phase  generator  and 


UNE 


UNE 


UNE 


LINE.        ^      ^ 


UNE 


MOTOR 


~^^"^^VAMP« 


GENERATOR  MOTOR 

Figs.  381a  &  dSlh.—Y  and  Delta  Connections  fob  Altirnatino  Cubrsnts. 


F 


Figs.  382  and  383.— Iron  Wire  Joint  and  Th. 

motor  respeetiy ely  connected  as  aVio^ii.   "Hc^  TVftMtral  wire  is  used 
in  this  system. 

Joints  in  Line  Wire.— It  \s  Y^^yoivd  YXv^  ^eo\>^  ^^  ^v^  ^w^xa 
^Ive    the   details   of  line  couatTMelVoxi,  tnWV^W  \^  \i«w«sto%  wstf 
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mplisated  as  aerial  and  undereroimd  distribution  systems  ac- 
ilre  more  extension.  In  the  illustrations,  Pigs.  382  to  390,  some 
amples  of  Joints  and  ties  In  wire  conductors  are  given. 
Figs.  382  to  386  show  how  Iron  wires  are  Joined  to  each  other 
id  how  they  are  tied  to  glass  insulators.  The  joint  shown  In 
g.  383  is  Bometimea  called  the  Western  Union  joint  The  tie 
Ire  In  Fig.  383,  it  will  be  observed,  is  carried  around  the  insu- 
tor,  and  Its  ends  are  then  twisted  around  the  line  wire.    Other 


«.nJ 


lys  ot  tying  are  shown  in  Figa.  384  and  385.  In  one  the  tie 
Ire  does  not  go  entirely  around  the  insulator,  in  the  other  it 
mpletely  en(inl<"i  it  and  is  twisted  once  around  itself  before 
e  ends  are  twisted  around  the  line  wire.  Fig.  386  shows  the 
leration  of  making  such  Joints. 

For  copper  wire,  sleeve  joints  have  met  ex.\*?[«'v"i«  \\«s.   "fVa 
?7v/d  Joint  was  made  with  a  brass  double  *\eeN«  t'S!ca\N"\-a.i|,  ^i^"* 
te  of  the  wire.     One  way  o(  using  &  B\eevft  \s  Xo  VsVaX.  XVe.  «>?* 
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of  the  wires  projecting  beyond  the  sleeve  around  the  line  wire 
outside  of  the  sleeve.  The  ends  of  the  sleeve  are  closed  with 
solder. 

Fig.  387  shows  such  a  double  sleeve  used  in  the  Afclntyre  joint 
Here  the  wire  is  passed  well  into  the  sleeve,  and  then  wire  and 
sleeve  are  twisted  together  as  shown.     Sometimes  solder  is  ap- 


Figs  387  and  38ft.— Sleeve  Joints. 

plied,  holes  being  made  in  the  sides  of  the  sleeve  to  admit  the 
solder. 

A  simple  strip  of  copper  bent  so  that  its  cross  section  is  S-shaped 
is  used  as  in  the  Mclntyre  tubular  sleeve.  It  is  shown  in  Fig.  388. 
A  simple  joint  made  with  a  small  wire  seizing  is  shown  in  Fig. 
389.     Soldering  may  be  applied  to  this  joint. 

Ends  of  wires  in  cables  are  joined  by  twisting,  as  shown  in 


Fig.  389.— Seized  Joint 

Fig.  390,  care  being  taken  to  prevent  the  wire  at  the  joint  in  one 

wire  from  touching  that  in  another.     When  ends  of  cables  are  to 

be  connected,  a  lead  sleeve  is  p\aee^  o\^.t  \\v^.  evv^  ot  oae  cable,  is 

pushed  hark,  and  the  wirea  axe  c.oxvTveelee^  ^tv(\  X3cv^  Vi\\s\&  ^T«8i\Msst 

Jatefl  hy  paper   wrapping  or  olYvev  m«A,eT\^\.    t>[^^  ^\w«^ Ns. ^^ 
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pulled  over  the  joint  and  soldered  to  the  ends  of  both  cables  in- 
closing the  joint,  so  as  to  make  it  perfectly  water-tight.  Such  a 
sleeve  soldered  in  place  is  shown  in  Fig.  391. 

In  Fig.  392  is  shown  the  transposition  of  wires  on  a  pole  top. 
This  is  done  in  order  to  avoid  induction ;  the  induction  inevitable 
when  an  active  telegraph  or  telephone  wire  is  near  another  one, 


FlO.  800.— JOININQ  WlBBS  IN  A  CABIA. 


Fig.  891.— SiiEEVB  on  Cablb. 


Fig.  392.— Tbanspositiom  in  Abbial  Line  Work. 

being  of  opposite  polarity  as  the  leads  are  changed.  Thus  the  in- 
ductive effect  from  one  length  of  wire  counteracts  that  from  the 
other. 

Insulators. — These  are  now  made  in  a  great  variety  of  forms. 
As  typical  of  modern  practice  two  insulators  are  given  In.  tViA 
cuts.    Fig.  392a  Is  an  insulator  with  a  grooN^  Vcl  VV&  \«^  V»  ^^^^"5 
the  wire,  and  constructed  to  withstand  a  ^oleviW^X  ^SXlfcx^-^^"^  ^"^ 
S0,000  volts.    By  doubling  the  proiecUug  tlaiiS^^  o^  -^^\X\^^^^'^^ 
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the  insulator  shown  in  Fig.  3926  is  made,  which  is  good  for  a  po- 
tential difference  of  120,000  volts.     These  are  extreme  cases. 


Figs.  392a  and  382b»— Hioh-Tension  iNSuiiATORS. 

In  former  practice  there  were  comparatively  few  forms  of  in- 
sulators, but  the  recent  development  in  the  use  of  hfgh-tension 
circuits  has  brought  a  great  many  forms  into  the  field.  The 
problem  of  adequately  insulating  a  line  with  a  potential  difference 
of  thousands  of  volts  backed  up  by  a  heavy  current  is  widely  dif- 
ferent from  insulating  a  telegraph  line. 


CHAPTER  XXIX. 

ELECTRIC  METERS. 

Electric  Meters  may  measure  current  Irrespective  of  voltage 
when  they  are  current  meters.  They  may  measure  the  current 
and  voltage  when  they  are  wattmeters. 

Wattmeters  operate  correctly  where  electric  power  is  sup- 
plied, but  not  for  Incandescent  light  unless  a  constant  voltage 
is  maintained.  They  only  correct  for  about  one-fifth  of  the  de- 
ficiency in  light  suffered  by  the  customer  or  excess  obtained  by 
him  on  changes  in  voltage.  An  over-compounded  wattmeter 
would  seem  to  be  the  best  for  light-supply  metering,  one  which 
for  a  change  of  one  volt  would  change  the  reading  about  six  per 
cent. 

Edison's  Meter* — This  meter  was  conceived  on  the  somewhat 
heroic  principle  of  the  collection  and  weighing  of  metal  deposited 
in  meters  by  electrolytic  action.  The  meters  gave  no  direct  read- 
ing. To  get  at  their  results,  small  quantities  of  zinc  had  to  be 
weighed  for  each  meter  periodically,  and  the  current  supplied  was 
taken  as  being  proportional  to  the  weight  of  this  zinc.  For  years 
the  meters  in  cities  supplied  by  the  Edison  system  were  thus  taken 
by  the  operative  in  charge.  Baskets  filled  with  electrodes  were 
transported  to  the  station,  and  the  electrodes  were  individually 
weighed,  and  the  current  supplied  was  calculated  on  this  electro- 
chemical basis. 

The  cut.  Fig.  393,  shows  its  construction.  It  contained  two 
cells,  each  containing  a  pair  of  amalgamated  zinc  electrodes. 
They  were  made  of  as  pure  zinc  as  possible,  and  before  amalgama- 
tion were  coated  with  zinc  by  electro-deposition.  The  cells  con* 
tained  a  solution  of  zinc  sulphate  of  1.11  specific  gravity.  The 
meter  had  in  series  with  the  plates  a  coW  ot  eo^^^t  ^\t^.  ^^?^^ 
resistance  of  copper  wire  increases  as  the  lem^fet^\.>\t^  xSs»"fe's»^  's^'^ 
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as  does  that  of  other  metals.  This  was  to  compenaate  for  the 
fall  of  resistance  with  rise  of  temperature  wbich  occurs  in  the 
Bolutlon.  The  meter  was  placed  in  shunt  with  a  known  resistance 
on  the  line,  and  its  own  resietance  being  known,  It  received  a 
fracfton  of  the  total  current  equal  to  the  quotient  ot  Its  own  resist- 
ance of  the  portion  of  the  line  in  parallel  with  It  divided  by  the 
resistance.  The  weight 
of  zinc  deposited  gave 
the  coulombs  of  electric- 
ity used.  An  Incandes- 
cent lamp  was  automatic- 
ally llght«d  by  an  expan- 
sion bar  when  the  tem- 
perature fell,  and  extin- 
guished as  it  rose. 

The      same      principle 
was  applied  to  a  register- 
ing   meter.      The    platee 
were    hung    at    opposite 
ends    ot    a    scale    beam,    i 
and     were     alternately    | 
subjected   to  one   or  the    ] 
other     action,     bo     as    to 
move     the      beam      from     ' 
time     to     time.       Bach 

definfte  deposition  on  one 
plate   and    dissolving   of 
the  other.     As  the  beam 
swung    it    reversed    the 
current,  and  after  a  cer- 
tain amount  of  coulombs  had  passed,  it  swung  back.    The  swings 
were  registered  by  clockwork  or  geared  mechanism  of  the  regular 
type. 

A  counter  electromotive  force  of  0.001  to  0.003  volt  caused  the 
readings  at  low  current  to  be  eitoneOM^. 
Forbes  Heter.— This  metet  wrs  acWa.'tfta  V-j  "Ca-a  Vrai.  ■tft<A-if* 
by  a  current      In  the  lo^er  pwt  ol  a  6\^^^  *^^^  "^^^^  -««  ^  ■ft^^ 
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coii  of  wire  which  occupied  a  horizontal  position.  Above  it  was 
a  vane  with  four  inclined  wings  lilte  a  little  screw  propeller.  Thia 
vane  worked  in  very  delioate  bearings.  The  current  to  be  meaa- 
ure<X  or  a  known  fraction  ot  it  paBsed  throuRh  the  coil  and  heated 
it.  The  heat  caused  an  air  current  to  rise  from  the  wire,  and  this 
Uirned  the  vane  windmill  fashion.  The  turns  of  the  vane  were 
registered   by   machinery. 


FiQ.  394 — Thomson's  iMoirori 


Thomson's  Meter.— This   meter,   due   to   Elihu   Thomson,   Is   a        ] 
wattmeter  and  is  shown  in  part  section  in  Fig-  394.     It  consists        | 
of  two  field  coils  wlthoHt  Iron  core,  through  which  the  entire       j 
current  which  is  to  he  measured  passes.     Within  the  coIIh  an  arm- 
ature coll  without  iron  core  is  mounted.     It  has  a  commutator. 
It  receives  current  from  the  wires  of  the  circuit,  being  connected 
across  them  with  high  resistance  interposed.     It  receives  current        ' 
proportional  to  the  voltage  existing  het'weeiv  \ta  ¥\a.csa  lA  ■e»»s5^- 
ment.    The  Held  colls  of  low  resistance  rece\.-se  aft  Vns  cvwi^a.V'S"''!^ 
ticai/y  that  passes.  The  armature  rotates  anW  fl.TWea  ^^  \^a.\^-<-'«« 
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train  of  wheels  like  that  on  a  gas  meter.  A  horizontal  copper 
disk  rotates  on  the  vertical  axis  which  carries  the  armature,  and 
steel  magnets  with  poles  hrought  near  together  embrace  the  outer 
portion  of  the  disk  between  their  poles,  and  constitute  a  brake,  on 
the  rotation  of  the  armature.  The  speed  of  rotatfon.  is  due  to  the 
field  acting  on  the  armature.  The  strength  of  the  field  is  due  to 
the  amperes  of  the  current;  the  strength  of  the  armature  is  due 
to  the  voltage  of  the  circuit;  the  reading  of  the  meter  is  due  to  the 
combined  effect  or  to  the  volt-amperes  or  watts. 

The  meter  is  primarily  a  shunt-wound  motor.  An  auxiliary 
field  coil  in  series  with  the  armature  gives  it  the  character  to  a 
limited  extent  of  a  compound-wound  meter.  This  field  with  the 
armature  develops  alone  almost  enough  torque  to  turn  the  arma- 
ture. It  therefore  takes  care  of  the  friction  of  the  meter  in  great 
part,  so  that  the  magnetic  brake  opposes  all  the  resistance  to  its 
motion,  a  resistance  increasing  with  the  speed. 

It  will  be  seen  fn  the  cut,  Fig.  394,  that  the  permanent  magnets 
are  held  in  position  by  screws  going  through  a  horizontal  bar, 
a  portion  of  the  frame  of  the  meter.  These  can  be  loosened  if 
desired,  and  the  magnets  can  thus  be  moved  in  and  out.  This 
operates  to  regulate  the  meter  and  make  it  move  faster  or  slower. 
It  can  thus  be  tested  with  lamps,  and  adjusted  over  a  range  of 
about  16  per  cent.  An  alternating  or  direct  current  can  be  meas- 
ured by  this  meter. 

For  three-wire  systems,  one  of  the  field  coils  takes  the  current  of 
one  active  wire;  the  other  coil  that  of  the  other  active  wire.  The 
coil  in  circuit  with  the  armature  is  connected  across  from  the 
neutral  wire  to  one  of  the  outer  wires,  thus  getting  the  voltage 
of  one  lamp,  or  customer's  voltage.  Sometimes  the  shunt  field 
coil  and  armature  are  connected  across  the  outer  wires,  thus 
taking  twice  the  voltage.  A  transformer  can  be  used  in  alternat- 
ing current  supply  where  the  voltage  is  too  high  for  the  resist- 
ance of  the  meter.  In  meters  for  heavy  currents  a  single  copper 
bar  passing  between  two  armature  coils  constitutes  the  field. 

For  two  and  three-phase  alternating-current  circuits  a  combina- 
tlon  of  two  or  three  meters  m  oii^  \^  m^d^.    One  dial  gives  the 
reading.     Otherwise,   two  meleta  e^iv  \ife  Q.Q.Ti\i<i<iXft^  \.^  ^^  n^^^^^ 
readings  of  three-phase  systems.    TYie  ^\xm  ^1  XX^^Vc  x^^ftNas©.  \& 
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taken.  If  the  lag  exceeds  60°,  giving  a  power  factor  of  less  than 
one  half  (cob  60°  ^^  J^)  one  of  the  wattmeters  will  have  a  negative 
reading,  In  which  case  It  must  be  aubtracted  from  the  reading 
of  the  other  one. 

For  series  systems  the  field  is  in  series  with  one  of  the  main 
conductors,  so  that  the  full  current,  which  is  not  a  very  high  one, 
goes  through  it.    The  meter  giv«s  watt  hours. 

Shallenberger's  rieter. — The  entire  current  passes  through  a 
fixed  coll  of  few  turns.  Within  this  coil  is  a  second  one  with 
self-contained  re-entrant  circuit,  constituting  an  induction  motor 
armature,  as  it  has  no  outside  connection.  Its  axis  Is  at  an  angle 
with  that  of  tbe  outer  coil.  When  an  alternating  current  passes 
through  the  outer  coil,  it  induces  a  current  in  the  closed  circuit 
of  the  inner  coil.  A  reaction  is  established  with  a  resultant  field 
between  the  two  fields,  one  of  the  outer  and  the  other  of  the 
Inner  coil,  which  fields  are  not  coincident  in  position,  but  lie  at 
an  angle  to  each  other,  equa!  to  the  angle  between  the  axes  of  the 
colls.  There  Is  also  a  difference  of  phase  between  the  two  colls, 
which  causes  the  resultant  of  the  fields  to  rotate,  thus  constituting 
a  rotary  field.  A  vertical  arbor  or  spindle  carries  a  horizontal 
metallic  disk  which  lies  in  the  field,  and  Is  acted  on  by  the 
rotary  field  when  current  passes,  and  caused  to  rotate.  To  retard 
its  motion,  air  vanes  are  carried  by  the  spindle.  The  principle 
of  the  meter  is  that  the  torque  increases  with  the  square  of  the 
current,  being  due  to  the  energy  expended.  The  resistance  offered 
by  the  vanes  varies  with  the  square  of  the  speed.  Thus,  the 
speed  ot  rotation  of  the  disk  is  directly  proportional  to  the  cur- 
rent strength.  This  meter  ia  a  current  measurer,  taking  no  di- 
rect cognizance  of  the  volts  of  the  circuit. 
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CHAPTER  XXX. 

LIGHTNING  ARRESTERS. 

Ughtnlns  ProtectorB. — Atmoepberlc  electricity  produces  dis- 
turbances in  electric  apparatus  unless  means  are  taken  to  give  It 
a  way   of  escaping  to  the  Bround.     Whatever  the  nature  of  the 
disturbance,  so  great  a  voltage  Is  established  that  the  current 
due  to  the  atmospheric  electric- 
ity can  Jump  acroBs  aa  air  gap 
quite   Impassable    for   work  lag 
electrical    currents. 

Comb  or  SawTooth  Arrest- 
er.—This  was  one  of  the  early 
prot«ctorB.  Attached  to  tbe 
line  to  be  protected  was  a  plate 
with  a  series  o[  saw  teeth  on 
one  edge.  The  plate  might  be 
an  inch  long.  A  similar  plate 
faced  it  tooth  to  tooth,  both 
being  screwed  flat  on  a  board. 
The  second  plate  was  connected 
by  a  conductor  to  the  earth. 
Ordinarily  the  working  elec- 
trical apparatus  would  contain 
electro- magnets  or  similar  ap- 
pliance of  high  inductance.  If 
a  disturbance  occurred,  produc- 
ing a  discharge  on  the  line,  the  regular  apparatus  by  Its  induc- 
tance would  choke  back  the  discharge,  which  would  Jump  across 
(he  gap  from  one  set  of  teeth  to  the  otber,  and  so  escape  to  the 
earth. 
Hagaetlc  Blow-Out  Arrester.— tli\a\iia'cv.o-»ia\Ti.'S\*.^%.  t^?. 


LIGHTMXa  ARREHTERS. 


flaring  plates  of  metal  approaeli  each  otiier  closely  at  the 
;r  end.  One  is  connected  to  the  earth,  the  other  to  the  line. 
?lectro-aiagnel  is  in  the  line  circuit.  Lightning  on  the  line  Is 
:ed  hack  by  the  magnel.  owing  to  its  inductance  Bprings 
S8  the  gap,  and  goes  to  the  earth.  Any  arc  which  it  may 
1  is  blown  out  by  the  magnet.     It  is  driven  toward  the  diverg- 

enda   of  the   plates,   and   breaks.     The   three   connections  to 
earth  and  machine  are  indicated  in  the  cut. 
m-Arcing  Aletal  Arrester. —This  arrester  is  made  up  of  a 
iher    of    cylinders    of 


Jim 


\\  of  the  cadmium 
ip  or  near  it,  which 
.    not    readily    main- 

an  arc  if  in  the  po- 
■n  of  electrodes.    Fig, 

shows  the  conatruc- 
.  The  seven  cylinders 
!  about  one-thirty- 
nd  Inch  of  air  be- 
^n  each  two.  The  ex- 
ir    or    end    cylinders 

connected  with  the 
.  and  the  central  cyl- 
T  is  grounded,  Tho 
r  tour  serve  to  form 
additional  gaps.  With 
■nating   currents   this 

r   a    discharge;    with 

ct  current  it  may  form  a 

scri  ml  Dating    Arresters.— This   name  is   due  to  Mr.  A.  J. 

tz,  the  inventor  of  the  last  described  as  well  as  of  this  ar- 

•T.    Two  brass  terminals  an  Inch  wide  are  laid  in  grooves  and 

I  with   the  surface  of  a  block  of  marble.     Their  ends  come 

In  half  an  Inch  of  each  other.     A  piece  of  lignum  vltie  fills 

gap  between  their  ends  and  across  it.  ate  "nia-ift  ■».  ?.ictws.  's'^ 

■ed  grooves  about  one-tenth  o*  an  \rvcti  -wVift  o.ii.\  Wife-'OaVt^- 

/  or  an  inch  deep.     A  cover  ol  marWft  '«  w.ti-a.t««A.  's^^'^  '^'^ 


Fw.SBO. -NoN-A 


o  Metal  Liqhtniko 
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One  plate  is  grounded;  tie  other  is  connected  to  the  line.    1 
ordinary  current  can  pass  over  the  charred  surface,  which  acta 
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conduct  the  atmospheric  discharge  to  the  earth.  No  arc  forms 
in  this  apparatus.  The  resistance  of  the  apparatus  may  be  as 
high  as  50,000  ohms.  Sometimes  no  marble  is  used,  the  electrodes 
being  screwed  directly  to  the  wooden  block  of  lignum  vitaa.  It  is 
shown  in  Figs.  397  and  398. 

Westinghouse  Lightning  Arrester,— A  disk-shaped  choke  coil 
is  carried  on  an  insulator,  as  shown  in  Fig.  399.  This  coil  has 
sufllcient  inductance  to  oppose  the  passage  of  a  lightning  dis- 
charge, yet  not  enough  to  seriously  affect  the  current.    To  the 


Line 


Line 


Una  Line 

Figs.  400a  and  400b.— DouBL1^PoL■  Light- 
ning Arresters. 


right  are  non-arcing  spark  gaps.  The  line  is  connected  above 
and  below  the  coil;  the  lateral  connection  gives  the  path  for 
the  lightning  discharge,  which  goes  to  the  earth  through  the  ar- 
resters, which  are  of  one  of  the  types  already  described. 

Low-Equivalent  Alternating-Current  Lightning:  Arrester.— 
In  Fig.  400  is  given  a  diagram  of  an  alternatfng-current  lightning 
arrester  for  high-voltage  currents.  Its  action  is  as  follows:  The 
discharge  springs  across  the  gaps  and  goes  to  the  earth.  Any  arc 
formed  in  the  shunted  gaps  is  destroyed  by  the  path  for  the  cur- 
rent offered  by  the  shunt  resistance.  The  series  resistance  la 
made  as  non-inductive  as  possible,  and  acla  lo  Te^>\^^  ^'ozs  ^N^^t'^'ssoX 
which  follows  the  discharge.  A  oertain  amowTLV  ol  ^:Xl^  ^^Os^^^^^ 
sroes  through  the  shunt  resistance. 
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DouUe-Pole  Llehtolns  Arrester.— The  diagrams,  Flge.  400  a 
and  b.  Illustrate  double-pole  connectfon  ol  lightning  arresters,  where 
they  are  connected  like  lamps  across  the  two  leads  of  a  circuit. 

Tank  Llgtatnlnx  Arrester. — This  arrester  Is  found  particularlr 
serviceable  on  electric  railways.  Choke  colls  carried  on  a  slate 
or  marble  base  are  put  In  the  circuit,  as  shown  In  the  upper  part 


■"■— =^' 
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of  Fig.  401.     Conductors  from  the  colls  run  down  to  a  tank  of 

water  shown  in  the  lower  part  of  the  cut.     Water  is  run  through 

the    tank    wJien    a    storm   ttirealena,     K   a\\?.tt.  current    leakage 

constantly  takes  place,  but  la  W\Rm&,    \l  a.  w^MA-a?.  (toKSas^ji 

occurs.  It  goes  to  the  eaitli  bj  "wa?  ot  ftie  ^■at.  T?im.  ^^Sia  ■»«». 

torce  it  to  the  tank. 


CHAPTER    XXXI. 

THE   INCANDESCENT   LAMP. 

Incandescent   Lighting. — The  Incanilescent  lamp  is  the  expres- 
sion  of  a   ttiniiamctitai    lart    of  Pkotric   supply    which   !■;   to  the 
effect  that  re-iistance  In  an  elettrn.  pircuit  should  be  concentrated 
at  the  point  where  erergy  is  to  be  developed      If  a  cirLUit  la  de-         j 
^oted  to  running  machinery   the  reslatance  should  be  in  the  ma 
chines  ana  as  Iitile  resistance  as  possible  should  be  In  the  lines         ■ 
If  lamps  are  to  be  lighted  as  much  of  the  total  resistance  as  pos         j 
sihle  should  he  concentrated  in  them 

In  the  case  of  Incandescent  lighting   the  useful  resistance  la 
that  nhlch  Is  produced  by  the  filaments  of  the  lamps     All  re-        ] 
siatance   not    manifesting    itself   through    heating   the    thin   flla  ' 

merits  represents  Inst  power  and  waste  ot  energy      It  K  a.  curious 
thing  that  the  uietul   energy   of  every  horse-power  in  an  Incan 
descent    electrk  light    aystem    la   represented   b-\    the    lenitlon   of         j 
onl>  five  or  siit  feet  of  carbon  filament  j 

The    Incandescent   Lamp    lomprlses   a   filament   of   carbon   of         I 
various    shape'-     approximating   to   a   letter   U      The   filament   is  i 

Inclosed    in   a   glass   bulb   within   which   a   vacuum   la    produced  j 

Wires  passing  through  the  glass  are  connected  to  the  source  of 
current  which  heats  the  filament  bright  red  or  white  hot  so  that 
It  emits  light 

Tamidlne  Filaments. — W  eston  made  for  the  basis  of  fllaments 
a  substance  which  was  named  tamidlne     It  was  prepareii  from 
solid  maisslve  nltro-cellulose    the  substance  lelt  by  the  evapora 
tion  of  collodion    so  familiar  to  the  old  time  photographer    and 
now  used   for   surgical  treatment  of  minor  cuts  and  the  like 
The  nrtro  cellulose   was    reduced  by   &  chein\ta\  \e4\iii\t\?,  ^t«^^ 
sacb  ai   iiilphiiietPd  hydrogen     convertms  ttif  ■mawa  w«tt^\*''J^'^ 
7r  nearly    Into    cellulose      This    matpria\    tesem'oV«6,   \.tMv=i^t«*- 
52"! 
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horn.    Filaments  were  cut  out  of  it,  were  carbonized,  and  used 
in  lamps. 

Squirted  Filaments. — Filaments  are  now  made  also  by  forcing 
the  proper  material  through  a  die.  A  thick  solution  of  nitro- 
cellulose, which  is  a  syrupy  collodion,  can  be  forced  through  a 
fine  aperture  and  evaporated,  giving  a  thread.  This  after  reduc- 
tion could  be  used  as  a  basis  for  filaments.  Cotton  can  be  dis- 
solved in  a  solution  of  zinc  chloride,  giving  a  syrupy  transparent 
solution.  This  can  be  forced  through  an  aperture  into  a  vessel  of 
alcohol.  This  hardens  the  thread  so  that  it  can  be  handled.  The 
zinc  chloride  is  washed  out  of  it  as  far  as  practicable,  and  it  is 
eventually  wound  on  drums  as  a  long  thread,  resembling  the 
fisherman's  silkworm  "gut,"  which  is  attached  to  the  fishhook. 

The  thread  made  as  described  is  cut  into  the  proper  lengths 
ready  for  carbonization.  Various  practical  details  have  to  be 
followed.  Bubbles  are  one  of  the  troubles.  The  thick  solution 
retains  these  with  some  persistence,  and  heating  the  solution  in  a 
vacuum  is  sometimes  used  to  expel  them  from  the  solution.  Per- 
fect evenness  of  the  solution  is  secured  by  thorough  stirring,  and 
an  exact  formula  for  the  solution  is  followed.  The  purified  cot- 
ton prepared  for  physician's  use  under  the  name  of  absorbent 
cotton  is  the  best  material  for  the  process.  Filaments  made  by 
this  method  are  called  "squirted  filaments." 

Carbonization  is  effected  by  heating  the  thread  to  redness  in 
an  oven.  It  is  protected  from  the  air  by  being  imbedded  in 
powdered  charcoal,  or  by  some  method  by  which  no  oxygen  can 
reach  it  while  heated.  It  would  instantly  burn  if  air  had  access 
to  it  while  at  a  red  heat. 

Calibration.  —  As  the  process  is  usually  carried  out,  the  thread 
from  the  circular  die  is  still  somewhat  soft  when  wound  off  upon 
the  drum,  and  the  winding  flattens  it  a  little.  It  is  necessary  to 
have  filaments  of  exact  dimensions,  so  the  filament  of  oval  section 
is  calibrated  in  two  directions  to  determine  its  cross-sectional 
area  after  carbonization.  Filaments  are  thus  sorted  out  for 
various  resistances.  The  lengtli  is  wot  so  conveniently  changed, 
as  the  bulb  is  supposed  to  be  su\l^^  ioT  «.  Q,^\\3a:\T!L^\'Wi^\w5j^^\^\i&.. 
ment. 

F/ashln^.-The  filaments  Itom  t>a^  e^.^X^oTA-LNs^^  ^-^^t. 


vt%^^ 
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flashed      This  process,  waa  a  very  earlv  concpptioD      The  electric- 
Ught  filament  la  increaaed  in  denalty  elasticity  and  hardness  by  It, 
Its  pores  being  filled  and  its  surface  being  coatpd  with  graphitic 
carbon      A  number  of  the  filaments  are  fastened  bj   holders   of 
metal   to   the  stopper  of  a  jar      This  jar  is  filled  with  vapor  of        P 
naphtha  or  other  hydrocarbon    and  thp  stopper  is  inserted  with       | 
the  filaments  on  ita  inner  '^ide  protruding  into  the  jar      A  current 
is   pas-ied   through   thpm    igniting  them   to   bright   rpdneas.     The        l| 
thin  parts   get  hotter  than   the  thick  ones      The  hydrocarbon   Is 
decomposed  when  it  conr-s  in  contact  with  the  hot  filament,  and       ] 
more  of  it  Is  deposited  where  the  filament   is  hottest    which   la 
where  it   is  thmne&t      Thus  flashing  not  onlv  solidlfle'.   the  fila- 
ment  bnt  builds  up  Its  thin  places  I 

Occlusion  of  Oases  by  Filament  —A  porous  =io1id  has  Bome- 
tlmes  a  peculiar  action  on  gases  which  is  termed  occlusion  Gases 
will  thus  be  retained  much  as  water  is  retained  by  a  sponge  The 
thrnad  of  cellulose  or  cotton  before  carbonization  la  as  absolutely 
without  pores  as  anything  can  well  be  but  In  the  carbonization 
process,  it  becomes  fu'l  of  poreii  and  Ihcie  may  occlude  oxygen 
When  such  a  filament  Is  placed  In  an  exhausted  bulb  all  of  the 
gases  maj  not  be  given  up  until  ignition  is  applied  by  the  cur- 
rent. If  gas  Is  thus  introduced  Into  the  bulb  it  will  have  a  bad 
effect  upon  th."  filaments  The  flashing  process  fllK  the  pores, 
and  gets  riJ  ot  occluded  oxjgen  bj  combustion  as  well  as  ignition. 

Lowering  of  Resistance  by  Flashing  —The  flashing  process 
lowers  resistance  10  to  15  per  cent  so  due  cogni/ance  must  be 
taken  of  this  action  in  sele  ting  the  size  of  filament  for  any  given 
lamp  It  Is  easv  to  bring  about  any  desired  resistance  by  flash- 
ing and  the  resistance  can  be  determined  if  desired  from  time  to 
time  during  the  process  The  logical  waj  of  determining  resist- 
ance Is  to  do  it  while  hot  as  the  resl'stance  of  a  lamp  when  cold 
IS  onb  an  ind  re  t  factor  as  far  as  its  use  Is  concerned 

Making  Joints  by  Flashing  -The  filament  has  to  be  fastened 
to  a  wire  at  each  of  its  ends  and  an  interesting  application  of 
flashing  IS  the  making  of  a  joint  between  these  wires  and  the 
filament  It  is  made  by  fiashing  the  filament  in.  a  h.Yii"Ki<M».-rt.wi!. 
lapor  or  even  In  IJguld  naphtha  tVirOMgb  ttift  -wKTes.  'V^ft.  *.?jiX-w^ 
tbe  ends   ot   the   flJament       A    solid   COaU'Q.E  a^^  '^m^  st»--%V*-'-  '*' 
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thus  formed  around  wire  and  filament  end,  just  as  if  a  soldered 
joint  were  made. 

Pasted  Joints.— An  easier  and  cheaper  way  to  mak€  the  joint  is 
to  put  a  little  putty-like  mixture  of  finely-powdered  carbon  and 
molasses  around  the  junction  of  filament  and  wires.  On  ignition 
this  hardens  and  forms  a  secure  joint. 

Electroplated  and  Other  Joints.— These  are  made  by  electro- 
lytic soldering.  A  coating  of  copper  is  deposited  over  the  junc- 
tions of  wires  and  filaments  by  electroplating,  forming  a  conduci-  ' 
ing  coating  over  wire  and  filament  ends.  The  joint  has  often  been 
made  by  a  very  small  bolt,  which  passes  through  holes  in  the 
enlarged  ends  of  the  filament  and  wire,  and  has  a  nut  screwed  on 
its  end.  Another  system  is  to  have  sockets  in  the  ends  of  the 
wires,  into  which  the  filament  ends  are  thrust.  The  flash  joint 
and  carbon  paste  joint  are  the  principal  ones  used  in  recent  prac- 
tice. 

Leading-in  Wires.— The  solution  of  the  problem  of  passing  a 
wire  through  glass  and  then  melting  the  glass  around  it  so  as  to 
form  an  air-tight  joint  hinges  on  the  coefficients  of  expansion  by 
heat  of  the  metal  and  glass.  These  must  be  practically  the  same, 
or  else  the  wire  will  work  loose  from  the  glass,  forming  cracks, 
perhaps  very  minute  yet  sufficient  to  admit  air.  All  sorts  of  com- 
binations of  different  kinds  of  glass  and  metals  have  been  tried. 
The  practice  has  now  settled  down  into  the  use  of  platinum  lead- 
ing-in wires,  which  are  passed  through  holes  in  the  glass.  The 
glass  is  then  melted  around  the  wires.  The  metal  platinum  ex- 
pands and  contracts  under  changes  of  temperature  almost  exactly 
as  much  as  glass.  It  possesses  another  property  of  considerable 
importance,  which  is  that  it  is  inalterable  under  any  ordinary 
range  of  temperature.  It  will  not  oxidize  at  any  temperature,  and 
melts  only  at  very  high  heats,  far  higher  than  any  to  which  it  is 
exposed  in  the  construction  or  operation  of  the  incandescent  lamp. 
This  use  of  platinum  has  drawn  very  largely  upon  the  supply, 
and  its  tendency  is  to  rise  in  price.  The  lamp  maker  uses  as 
little  as  possible,  electrically  welding  copper  wire  to  the  platinum, 
so  as  only  to  use  enough  ot  t\ve  tslT^t  Tiv^VaX  V's*  ^"aaas*  X^^ws.<^  l\\ft 

O"  To  Cf  Of 

naklag  the  Lamps. -T\ie  meV\^oAs  a,\?t«Vv^?.  vo.  ^^-vasxs.,  "C^^A^ 
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lowing  cut,  Fig.  402,  gives  a  typical  process.  No.  1  shows  a,  glass 
tube  elosed  at  tte  upper  end,  with  the  leading-in  wires  passing 
tbrougU  it  melted  in  and  with  the  carbon  filament  attached. 
No  2  shows  the  globe  with  long  ethauat  tutw  with  the  filament 
thrust  into  it  No  3  showo  the  melting  together  of  the  two  pieces 
of  glass  with  a  blowpipe  flame  No  4  shows  the  lamp  with 
fliament  tube  melted  in  readj  tor  exhaustion  and  No  5  shows 
the  lamp  after  exhaustion  with  its  exhaust  tube  melted  oft,  the 
lamp  being  readv  for  use 

Vacuum.— The  bulb  of  an  incandesi-enl  lamp  after  the  carbon  ' 


'MaKIBO  InCANDEBOMNT   LAUPS. 


Is  in  place  is  exhausted  until  a  very  hi^  vacuum  is  produced  In 
if.  The  vacunm  was  originally  designed  to  prevent  the  carbon 
from  burning,  but  it  accomplishes  other  results  also.  It  keeps 
the  filament  hotter.  If  the  bulb  is  filled  with  an  Inert  gas,  the 
gas  under  the  effect  of  the  hot  fliament  enters  into  active  circula- 
tion, cools  itself  against  the  sides  of  the  bulb,  gets  heated  by  the 
hot  filament,  and  then  is  cooled  again.  The  fliament  has  to  heat 
the  gas  over  and  over  again,  and  the  temperature  is  materially 
lowered  by  the  process.  The  efficiency  is  thus  ditnlttl?.t\t4, 
Aa  exhausted  bulb  is  much  cooler  wten  ttve  ft\a.mfe\iv  S's.  ^\-^'«^'fe 
JJghi  than  it  It  were  J3i]p^  w]tJi  inert  gas.     Kft  a.  mfeTe  ta^^^fi'^  **■ 
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convenience  this  is  desirable.  It  is  a  good  feature  about  the  in- 
candescent lamp  that  its  bulb  cannot  burn  the  hand,  or  set  fire  to 
anything  under  normal  conditions,  although  it  is  not  altogether 
safe  to  leave  burning  lamps  wrapped  up  in  a  combustible  wrap- 
ping for  a  considerable  period. 

Production  of  Vacuum. — The  Torricellian  vacuum,  Fig.  403, 
such  as  exists  above  the  mercury  in  a  barometer  tube,  is  one  of 
the  best  vacuums  produced  without  special  care  or  for  special 
ends.  The  Sprengel  and  the  Geissler  pumps  are  based  upon  the 
production  of  this  vacuum.  In  these  air  pumps  the  piston  is 
represented  by  a  column  of  mercury,  and  the  force  driving  the 
piston  is  represented  by  the  pressure  of  a  column  of  mercury  over 
30  inches  high.  A  quantity  of  the  lamps  are  sometimes  exhausted 
to  a  pretty  high  vacuum  by  a  mechanical  air  pump,  and  the  ex- 
haustion is  finished  by  the  use  of  a  mercurial  pump.  This  re- 
moves the  last  air,  whose  removal  is  facilitated  by  passing  a 
current  of  electricity  through  the  filament,  heating  it  as  the  close 
of  the  operation  is  reached.  This  expels  any  occluded  and  other 
gas  held  by  the  wires,  glass  or  filament.  Sometimes  a  little 
phosphorus  is  put  into  the  exhausting  tube  and  is  heated  from 
the  outside  by  applying  a  fiame  or  other  source  of  heat  to  the 
glass  on  which  the  phosphorus  is  lying.  It  combines  with  any 
trace  of  oxygen  present.  To  prevent  danger  to  the  health  of  the 
operatives,  and  to  avoid  liability  of  ignition  of  the  phosphorus, 
the  modification  called  red  phosphorus  is  best  for  this  purpose. 

ETxternal  heat  can  be  applied  to  the  lamp  during  the  last  of 
the  exhaustion  to  assist  the  operation.  The  exhaustion  is  done 
through  a  tube  extending  from  the  top  of  the  bulb.  This  tube  is 
melted  off  in  the  blowpipe  flame  when  the  exhaustion  is  com- 
plete. The  point  seen  on  the  end  of  the  bulb  shows  where  the 
sealing  was  effected. 

The  flercury  Air  Pump.— The  Sprengel  pump  utilizing  the 
Torricellian  vacuum  is  shown  in  Fig.  404.  At  the  top  of  the 
pump  is  a  horizontal  pipe,  through  which  mercury  is  passed. 
At  D  D  are  cocks  admitting  it  to  the  pumps,  one  of  which  is 
sho\7n  on  the  left.  The  mercury  descends  through  B,  goes 
through  the  inclined  tube  down  T  and  out  through  D'  D',  to  be 
repumped  into  the  upper  pii^e.    "R.  \«>  ^.  ^«j&^  n^^^^\  ^Qiitalning  a 
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drying  agent,  such  as  phosphoric  oxide  or  sulphuric  acid.    At  O      . 
is   an  opening  into  nhlch  the  exhausting  tube  a   on   the   upper      I 
end  of  the  tamp  L  can  he  sealed.     It  has  another  opening  at  S       { 
communlcatiiig  with   T.     The  mercury  as   it  leaves  the   Incliaed 
tube,  if  there  is  a  trace  of  air  in  R,  breaks  up  into  little  columns 


Tia.  ins  — Toarii 


FlO.  401.— Spbengel's  Am  PuMP. 


and  draws  the  air  down  and  out.  The  filament  Is  heated  during 
the  process  by  a  current  adjusted  in  intensity  by  the  resistance 
coils  F  F. 

In  modern  works  various  kinds  of  special  pumps  are  employed 
to  work  on  the  largo  scale,  exhausting  a  number  of  lamps  simul- 
taneously. 
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The  Geissler  air  pump  is  operated  by  the  agency  of  a  column  o{ 
mercury,  but  involves  the  raising  and  lowering  of  a  reservoir  of 
mercury.  The  Sprengel  pump  is  described  as  a  typical  mercurial 
air  pump. 

Luminescence  is  the  quality  of  giving  light  when  heated.  All 
substances  possess  more  or  less  of  this  quality,  some  in  higher 
degree  than  others.  Luminescence  of  a  very  high  degree  is  shown 
by  the  Welsbach  incandescent  gas  light.  A  filament  of  its  ma- 
terial would  represent  an  almost  ideal  substance  for  an  incan- 
descent lamp  filament  if  it  was  heated  so  as  to  become  a  con- 
ductor. 

Metallic  Filaments  have  been  tried  for  incandescent  electric 
lamps  with  very  little  success.  Their  fusibility  is  the  principal 
objection  to  their  use.  At  present  the  metals  osmium  and  one  or 
two  others  are  being  tried. 

Oxide  Filament. — There  are  substances  which  are  free  from 
most  of  the  objections  which  attach  to  carbon  and  the  metals, 
except  that  they  normally  do  not  conduct  electricity.  These  are 
the  oxides  of  the  metals  of  the  earths,  lime,  magnesia,  and  others. 
They  are  in  the  full  sense  non-conductors  when  cold,  having 
enormously  high  specific  resistance,  but  on  heating  they  become 
conductors. 

The  Nernst  Lamp  ;s  an  incandescent  lamp  whose  filament  is 
made  of  earth  oxides.  These  are  absolutely  incombustible,  so  that 
they  can  be  ignited  in  the  air,  providing  the  condition  for  an 
open-air  incandescent  burner. 

The   Glower. — The  Nernst  lamp  filament  is  a  straight  bar  of 

earth  oxides  and  is  termed  the  glower.    To  its  ends  are  attached 

wires.     The  current  once  made  to  pass  through  the  glower  raises 

it  to  a  white  heat,  produces  light,  and  keeps  it  in  the  conducting 

stale.     The  composition  of  the  glower  is  not  disclosed.     It  is  said 

to  be  composed  of  the  rarer  earths,  resembling  the  Welsbach  gas 

mantle   in   composition.     The   standard   glower   for   220  .volts  is 

almost  exactly  an  inch  in  length  and  0.025  inch  in  diameter.     It  is 

formed  from  a  putty-   or  dough-like  mixture  of  the  earths,  by 

squeezing  them  through  an  apexluxft  vo.  ^  ^V'i.    T\!l\s  produces  a 

thread,  which  is  dried  and  XiaVweei.    T\i^  c\i\s  q1  XXi^  ^<s«:\^!^\.>asaji 

aJl  show  the  glowers. 
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QIawer  Terminals  — The  connection  of  the  wires  with  the 
glower  wai  originally  effected  by  winding  platinum  wire  around 
the  ends  and  puttying  over  the  ends  with  cement.  This  did  not 
work  \ery  well  aa  the  wires  were  apt  to  hecome  partly  detached, 
and  thus  had  their  contaC-  with  the  glower  made  imperfect.  The 
result  of  this  was  that  the  glower  soon  broke  near  the  terminal, 
■where  the  6ail  junction  caused  a  concentration  of  heat.     Another 


principle.    A  gloljule  of  platinum 


method  is  based 

at  the  end  of  each  wfre 

is  embedded  in  each  end 

of     tlie     glower        Any 

shrinkage    In    the    ma 

terial     of     the     glower 

causes    It    to    grip    the 

bead    still     tlghtPr       It 

cannot      shrink      away 

from   it    as   it   tend-i   to 

shrink   trom   the  wires 

wound    around    Its    ex 

tenor  Conducting 

wires  fused  to  the  plati 

num  globules  project  an 

inch    or   two    from    the 

ends  of  the  glower    The 

endb   of  the   conductinK 

wires    are    fastened    to 

the  bodj  of  the  lamp  by 

little   aluminium   plugs 

The  ends  ot  the  wires  are  thrust  into  holes  in  the  two  contact 

blocks  of  the  lamp   and  the  pivigs  are  forced  into  holes,  wedging 

The  glower  becomes  a  conductor  when  heated  to  about  1300°  P. 
(700"  C).    When  cold  It  Is  a  non-conductor. 

Heaters. — The   glower   can   he   heated   by   a   match   or  alcobo! 

flame,  in  order  to  make  It  conduct  current.     In  the  lamp  as  now 

made  electric  heaters  are  u&ed,  also  shown  in  the  cuts.    TVesR  ksij-. 

of  various  shapes,   consisting   of   platlnuiw   ■w'ltft   ■«Q>3>'Cv.i  -is^i^  » 

•porealAhs   form    and    imbedded    in   retiacUifs    -oaaXe.    ^"q'*^  "* 
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lamp  current  Is  turned  on,  none  can  go  through  the  cold  glower. 
and  a  slight  current  only  pasaee  through  the  heater.  It  Is  enough 
to  make  It  quite  hot;  and  as  It  Is  in  close  proximity  to  the  glower, 
it  heats  the  latter,  which  in  a  few  seconds  begins  to  pass  a  cuf' 
rent  strong  enough  to  excite  a  magnet,  which  attracts  pivoted 
armatures  cutting  out  the  heater,  and  thereafter  all  the  current 
goes  through  the  glower  or  glowers.  The  heater  has  to  heat  the 
glower  up  to  a  temperature  ot 
about  1742°  F.  (950°  C.) 

BalUst.— The  glower  Is  Id 
series  with  a  steadying  resist- 
ance, which  Is  called  the  ballaet 
The  resistance  of  the  glower  di- 
minishes with  increase  of  tem- 
perature. The  resistance  of  iron 
wire  increases  with  increase  at 
temperature,  and  the  two  bal- 
ance each  other  approximatelj, 
which  prevents  the  glower  burn- 
ing out.  The  case  Is  analogoiu 
to  the  use  ot  the  Individual  re- 
sistance in  a  constant-potential 
arc  lamp.  The  Nenist  lamp  has 
to  be  employed  on  flxed-potentlal 
clreuitB.  Iron  wire  la  selected 
for  the  ballast  because  it  poB- 
seaaea  in  a  high  degree  the  prop- 
erty of  Increasing  in  resistance  with  Increase  of  temperature.  It 
is  Inclosed  In  glass  tubes  hermetically  sealed  and  filled  with  nitro- 
gen gas,  and  fa  shown  In  Fig,  40B. 

The  Cnt-Outa  also  shown  in  Fig.  405,  Is  an  electro-magnetic 
ewltch  which  opens  a  circuit  when  Its  magnet  Is  excited.  This 
circuit  is  normally  closed,  and  only  opens  by  the  action  .of  Qie 
electro- magnet  as  described  above.  The  magnet  winding'  isr.in^ 
series  with  the  glower;  the  circuit  which  It  opens  contalne-the 
heater.  ■  '■    ■ 

Direct-Current  Lamps-— it  Msei  on  4\xet;V  twiTt-s* 
lug  of  the  glower  neat  the  uegRtWe  ea4  ^^^^  ■5\*.w,'«\&a>. 
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the  efflcifiiicy  anii  eandlp  power  of  the  glower  to  fall  off.  Its  dura- 
bility is  also  impaired.  On  alternating  current  this  action  does 
not  tal-e  place  and  its  life  is  murh  longer. 

Vacuum  Lamps —If  the  glower  s  inclosed  in  a  vacuum,  its 
efficiency  as  far  as  the  glower  is  concerned  is  Increased.  But 
thla  increatf  Is  accompanied  by  a  verv  rapid  rate  ot  diminution 
of  resistance  with  increase  of  temperature.  This  has  to  be  met 
by  a  larger  ballast  nhich  reduces  the  efficiency.  It  Is  considered 
preferable  to  laclobe  it  in  a  globe  with  access  oC  air.    This  gives 


FiQ.  WIT.— Sptbal  Hkateb  ahd  Fio.  ^"8.— Spirai.  Heatbb  and 

Single  Hokizontai.  Glowkb  Singlh  VEitricAt.  Glowfb 

OF  Nbknst  Lamp.  <i»  NEHK.'iT  Lamp. 

'  enough  cooling  to  lighten  the  work  of  the  ballast,  and  yet  to  give 
higher  efficiency  than  la  the  open  air.  Before  a  glower  breaks, 
the  voltage  rises  rapidly  until  the  rupture  occurs  and  the  lamp 
goes  out.  Sometimes  as  many  as  six  glowers  are  put  into  one 
lamp,  in  which  they  are  simultaueousiy  ignited.  The  efficiency  ot 
Buch  is  higher  than  that  of  a  single-glower  lamp. 

The  EHIclency  of  the  Nemst    Lamp  is  about  double  that  of 
the  ordinary  Incandescent  lamp. 

The  cuts,   in  the  light  of  what  has  been  said,  are  self-explana- 
tory.   Fig,    405  shows   the   parts   o£  a  lamB  \Ti  4\Ti.%TKm.-  "^^q.^ 
aagaet  coll   being  Inactive,   the   pivoted   0.rm8.t\iTi«.  otc  ■^•a'^.  "^'*- 
attracted.     When  attracted   they  open  tbe  iAtcviW.  aV  x>ie\^ 
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ends,  oDe  of  which  is  marked  "silver  contact"  In  the  dlagfanl. 
Fig.  40G  shows  the  heaters  aod  glowers  of  a  lamp  ready  for  lo- 
BPTtioD  into  the  socket,  the  parts  helns  marked.  The  next  iMil! 
Figs.  407  and  408.  show  spiral  hpaters  surrounding  the  glowfin 
DlstrlbutlOD    of     Light.— The    diagram.    Fig.    409.    aliowa   the 


Nernst  Lamp. 


distribution  of  light  of  a  Nernst  lamp  and  of  other  lamps  in  tile   1 

vertical  plane  as  by  the  following  table;  i 

1.  110-volt,  A.  C.  constant  polential  arc.  6.3  amp.  , 

2.  110-Tolt,  D.  C.  constant  potential  arc,  4.9  arop.  J 

3.  e.e  amp.  D.  C.  series  are.  71.e  volta.  J 

4.  6.6  amp.  A.  C.  aeries  arc,  S5.4  volts,  | 
5.  e-g-Iower  Nernst  laiop,  2M  voUa. 

Arc  lamps— Opalesceot  \nTieT  iu4  ^A^a.^  o^'^«  **«- 

Nernst  lamp — 8-iiich  aand-WasXei  6\d\i%.  , 


CHAPTER    XXXII. 

THE  ARC  LAMP. 


^ 


The  Voltaic  Arc— if  two  rods  of  carbon  are  connected  to  a 
source  of  current  and  are  broueht  Into  conlact  with  each  other.  | 
and  are  then  separated  a  fraction  of  an  Inch,  the  current  will 
continue  to  pass  across  the  interval.  An  Intense  heat  is  produced,  { 
and  the  space  between  is  filled  with  ca,rbon  vapor  and  minute  , 
particles.  The  heat  makes  the  carbons  very  hot.  As  carbon  ia  | 
not  a  very  good  conductor  of  heat,  almost  all  the  heat  concentrates  : 
on  the  ends.  The  arc  may  be  produced  by  direct  current  or  a!t«r-  I 
nating  current,  which  gives  two  dlviaiona  of  the  subject,  direct-  1 
current  and  alternating  current  arc.  1 

Positive  and  ^egatlve  Carbon. — When  a  dlrect-curent  arc  je     ,. 
produced  in  the  open  air  between  two  carbon  pencils,  both,  wear 
away,  but  do  so  differently.     One  keeps  a  pointed  end,  like  a  sharp- 
ened lead   pencil,  and  ia  the  negative  carbon.     The  other  bas  a 
little  crater  or  cup  formed  on  its  end,  and  ia  the  positive  carbon.      | 
The  latter  gives  far  more  light  than  the  other.     Naturally,  the 
interior  of  the  crater  radiates  the  most  light.     In  direct-current      | 
arcs  the  crater  of  the  positive  carbon  is  made  to  face  as  nearly 
as  possible  In  the  direction  in  which  the  light  Is  to  be  utilized.      ■ 
Thus,  for  overhead  lamps  the  positive  carbon  is  placed  uppermost, 
so  that  its  crater  radiates  light  to  the  ground. 

StrikiDg  the  Arc.— The  arc  will  not  Etrike  across  a  apace  filled 
with  air  unless  a  very  short  one.  The  carbona  may  be  arranged 
to  stay  In  contact  when  idle  and  to  be  pulled  apart  the  Instant 
tlie  current  starts.  As  they  separate,  the  arc  forma  across  the 
gap  or  space  between  the  ends  of  the  carbon  rods.  This  is  the 
universal  way  of  operating  arc  lamps,  although  it  can  be  done 
otherwise.  If  a  spark  can  be  made  to  strike  across  the  ea-^.  *-''^* 
arc  win  start  over  the  path  thus  made  lov  «..    '^'^a  i^S-X  \*^--«'»R.-^ 
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the  poles  is  intensely  heated,  and  is  a  tolerably  good  conductor, 
so  that  once  the  arc  is  established,  it  can  be  drawn  out  to  a  con- 
siderable length — greater  than  the  striking  distance  of  the  po- 
tential utilized. 

Heat  of  the  Arc.— The  resistance  of  the  arc  is  not  great  enough 
to  account  for  its  intense  heat.  The  positive  pole  is  hotter,  7200° 
F.  (4000°  C.)  than  the  negative,  5400°  F.  (3000°  C.)  to  6300°  F. 
(3500°  C).  Counter  electromotive  force  is  set  up,  due  to  thermo- 
electric effect,  or  to  condensation  of  carbon  vapor,  and  is  equival- 
ent to  resistance,  and  the  heating  effect  results.  The  higher 
temperature  of  the  positive  pole  causes  it  to  wear  away  the  faster. 
With  alternating  currents  the  poles  wear  evenly,  and  with  almost 
flat  ends  if  the  arcs  are  inclosed  in  a  glass  globe  so  as  to  be  partly 
protected  from  the  air. 

Voltage  Drop.— In  a  direct-current  arc  the  voltage  drop  be- 
tween the  positive  carbon  and  the  arc  has  been  determined  to  be 
about  40  volts.  In  the  arc  itself  a  drop  of  2^4  volts  was  observed, 
and  a  21^-volt  drop  between  the  arc  and  the  negative  carbon. 
These  determinations  are  not  to  be  considered  accurate.  They 
indicate  the  distribution  of  voltage,  of  resistance,  and  of  light- 
giving  areas  or  volumes  with  a  good  degree  of  approximation. 

Counter  Electromotive  Force  is  believed  to  exist  in  the  direct- 
current  electric  arc,  and  to  account  lor  part  of  its  apparent  re- 
sistance. The  cause  is  not  certain,  yhe  different  temperatures 
of  the  carbons  producing  a  thermo-electric  effect  has  been  assigned 
as  its  cause.  The  alternating  current  arc,  both  of  whose  carbons 
are  of  identical  temperature,  exhibits  apparent  resistance  enough 
to  have  counter  electromotive  force  attributed  to  it.  Solidifica- 
tion of  carbon  vapor  may  be  the  cause  of  its  production  in  both 
direct  and  alternating  current  arcs.  It  would  be  possible  to 
imagine  the  rapid  volatilization  and  condensation  of  carbon 
vapor  in  the  successive  cycles  of  an  alternating  current  as  produc- 
ing an  alternating  counter  electromotive  force. 

The  counter  electromotive  force  for  a  10-ampere  45-volt  arc 
with  pure  carbons  has  been  put  at  35  to  39 1^  volts.     This  is  ap- 
proximate    only.       All    deteTia\iva.\.\ow^    ^.tl^c!0«i%  NJoLfc    internal 
physics  of  the  arc  must  trom  l\v^  w^lxiTe  ol  \Xv\\i\sa.  \5fe  ^V8^^^J\\.  \.^ 
execute,  and  the  results  w\\\  geiieYavX^  \i^  i^.^^^OT.VsaaX.^. 
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The  Resistance  of  the  Arc  Proper  has  been  placed  at  about  5 
ohms  per  inch  of  length.  The  10-ampere  arc,  which  is  a  standard, 
varies  from  1/10  to  \'..  ohm  in  resistance,  the  are  length  varying 
from  1/16  to  ^i  inch.  Questions  In  which  length  of  arc  la  in- 
volved are  only  to  be  valued  approximately,  as  there  is  nothing 
accurate  about  the  determination  of  Its  length. 

The  resistance  of  the  arc  varies  inversely  in  some  ratio  with 
the  current.  A  heavy  current  diminishes  the  arc's  resistance. 
This  is  the  reason  an  arc  lamp  without  a  resistance  or  inductance 
for  alternating  currents  cannot  be  used  on  parallel  or  constant 
potential  systems.  This  diminishing  of  resistance  is  partly  due 
'  to  reduction  of  the  resistance  of  air  by  heat,  for  the  more  intense 
current  heats  the  air  to  a  higher  degree  and  beats  more  of  it  thaji 
-  does  the  smaller  current.  Another  cause  is  the  presence  of  carbon 
in  the  arc,  probably  as  vapor,  possibly  as  particles,  which  Is  in- 
creased in  relative  amount  by  greater  heating.  The  old  modifica- 
tion, which  has  recently  been  experimented  with,  of  introducing 
alkaline  earth  salts  or  the  like  into  the  arc  diminishes  its  resist- 
ance by  supplying  It  with  vapor  of  these  salts  or  of  their  con- 
stituents Increase  of  pressure  increases  the  resistance.  This 
applies  to  pure  carbon  area,  and  is  by  some  thought  to  produce  this 
effect  by  preventing  the  production  of  the  tull  amount  of  carlMm 

Efficiency  ol  the  Arc  Light.— Of  the  efficiency  of  the  arc  as  a 

light  producer  nothlns  can  well  be  said  beyond  the  comparison 
Tilth  otbir  bources  of  light.  The  two  reasons  are  that  the  arc  Is 
very  seldom  photo  metered,  and  that  the  absolute  unit  of  light  la 
as  yet  undetermined.  If  light  la  defined  as  that  which  affects 
the  retina  of  the  eye,  its  mechanical  equivalent  may  he  exceed- 
ingly small.  What  we  know  about  odor  tends  to  ratify  this  be- 
'  lief.  An  almost  inconceivably  small  quantity  of  matter  Is  re- 
quired to  affect  the  olfactory  nerves.  A  very  minute  amount 
of  energy  Is  represented  in  the  action  of  light  upon  tile  optic 
nerves. 
,  The  arc  is  one  of  the  most  efficient  sources  of  artlflclal  It^t, 

I       The  masnesiiiia  light  Is  put  next  to  and  tbty  cVoaa  «j  W.,  MA>i"S 
modlttcaUons  might,   be   marie   to   equal   or   exceei  Vs..    \^  ^a  ^*'''' 
timesBs  emdent  as  candle  light,  13  times  as  efficVeii^  a-ft  «i»'^'"'^''^ 
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5.2  times  as  eflacient  as  the  Welsbach  light.    These  all  are  so 
variable  that  the  relative  figures  given  are  only  approximations. 

The  reason  of  its  efficiency  is  that  its  heat  is  so  intense.  There 
is  a  possibility  that  there  is  a  considerable  loss  by  some  of  the 
heat  producing  ether  waves  of  so  short  a  period  that  they  do  not 
affect  the  optic  nerve  or  are  not  visual. 

Quality  of  Carbons. — The  nature  of  the  carbons  aftects  the 
efficiency.  The  great  agent  of  economy  is  the  concentration  of 
heat  at  the  ends  of  the  carbon.  Too  hard  a  carbon  is  apt  to  be  a 
relatively  good  conductor  of  heat  and  therefore  uneconomical. 
A  small  diameter  of  the  carbon  pencil  favors  concentration  of 
the  heat  at  the  point,  and  small  carbons  give  higher  results.  The 
efficiency  diminishes  approximately  in  inverse  ratio  with  the 
diameter  of  the  carbon.  A  soft  core  in  the  carbons  reduces  the 
efficiency.  In  order  to  give  better  surface  contact  between  the  . 
carbon  clamps  and  the  carbons,  the  carbon  pencils  are  often 
copper-plated,  and  nickel  plating  has  been  applied.  This  dimin- 
ishes the  light  a  little  by  improving  the  conductivity  of  the 
carbons  for  heat. 

Power  Consumed  in  Arc. — A  consumption  of  480  watts  is 
usual  in  a  nominal  2000-candle-power  lamp.  The  ratio  of  volts 
to  amperes  in  the  production*  of  the  watts  expended  in  an  arc 
lamp  affects  its  efficiency  and  consequently  its  light.  Carhart 
found  that  45  volts  and  10  amperes  gave  a  maximum  light  of  450 
candles  or  1  candle  to  the  watt.  With  8.4  ^amperes  and  54  volts 
the  maximum  candle-power  was  doubled.  There  is  nothing  definite 
about  these  figures,  as  the  size  and  quality  of  the  carbons  would 
affect  them  materially.  ' 

Effect  of  Air  Biast>— A  blast  of  air  will  blow  out  an  arc  as 
it  will  a  candle  flame.  This  principle  is  utilized  in  the  Thomson- 
Houston  alternating-current  dynamo.  A  blast  of  air  is  there 
produced  by  a  rotary  blower,  which  is  directed  on  the  ends  of  . 
the  brushes  to  blow  out  any  arc  which  may  form  in  the  operation 
of  the  machine. 

Effect  of  ilagnet. — A  powerful  magnet  deflects  the  arc  to  one 
I    side,  and  if  near  enough  tYvetelo  aiv^  ^\TQ.\i^  ^wwjl^,  ^\\\  blow  it 
out  as  a  blast  of  air  wU\. 
Voltage  Drop  and  Arc  V.eii«»x.-^^^^^^  ^^^  ^^^  ^x^^^^^\^ 
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Increaiea J 


tween  two  carbons  attains  a  certain  leneth,  it  hae  to  be  Increased 
in  length  to  keep  a  fixed  voltage  This  IB  in  line  with  the  prop- 
erties of  the  arc  which  makes  it  Impossible  to  operate  art  lamps 
on  constant  potential  Pircmts  without  auxiliary  reaistanee  coils 
The  resistance  talis  with  Increase  of  current  and  the  lengthening  i 
of  the  arc  Is  necessary  to  bring  its  voltage  back  to  its  original 

Wearing  of  Carbons  — W  1th  a  direct  current  the  positive  car 
bon  wears  away  about  twice  as  fast  as  the  negative     The  lattei 
has  a  little  accretion  of  carbon  particles  form  upon  it   which  may       [ 
increase  its  length      This  amounts  to  nothing  from  the  practical       ' 
standpoint      In  open  arc  practice   when  the  arc  is  produced  in 
the  open  air   the  accretion  bums  away 

W  1th  an  altTnatlng  current  the  wearing  of  the  carbons   other 
thingi  being  equal    Is  the  same  tor  both     But  when  they  are 
placed  vertically,  as  Ihey  always  are  now,  the  upper  carbon  has 
been  found  to  wear  away  about  eight  per  cent  faster  than  the       , 
lower  one.    This  is  due  to  the  uprising  currents  of  air  and  to       I 
gravity  acting  on  the  transfer  back  and  forth  of  carbon  particles. 

This  uneven  wearing  away  of  the  carbons  affects  the  operation  ] 
of  arc  lamps  for  some  special  purposes.  Such  occur  in  Its  use  in  !| 
searchlights  and  lighthouses,  where  the  center  of  light  must  be  | 
at  the  level  of  the  focus  of  the  lens  or  reflector.  Different  feed- 
ing rates  for  the  two  carbons  may  be  used  to  keep  the  light-giving  ' 
gap  in  its  proper  place. 

Arc  Light  Carbons.— Carbons  are  made  from  a  mixture  of  j 
finely  ground  and  ignited  carbon  with  some  carbonaceous  cement-  'i 
ing  material  such  as  pitch.  They  are  molded  Into  shape  and  ! 
baked  for  a  long  period  at  a  red  heat  with  exclusion  of  air.  Two  '  I 
general  systems  of  molding  them  are  followed. 

In  one  grooved  plates  are  the  molds.  The  plates  contain  straight  | 
grooves  of  semi -circular  section  spaced  eQnally  on  both  plates, 
so  that  when  the  plates  are  laid  face  to  face  the  grooves  form  a 
series  of  cylindrical  molds.  The  composition  is  molded  In  these. 
Carbons  which  have  been  made  by  this  or  analogous  methods 
Bonietiraes  show  on  their  peripheries  ttie  TtiQ\4  '5A'^*- 

T/ie  sued  mollis  are  heated  in  an  oveTi  ymtW  \,Vft  ta'«A<«'*>  wA'skqs.. 
wiien  they  are  subjected  to  a  hydrauUc  pte«aM.^ft  o^  te^^*-^"^ 
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dred  tons.  They  are  then  removed,  and  any  fin  left  where  the 
joints  between  the  molds  come  is  scraped  off,  and  they  are  ready 
for  baking. 

In  another  system  the  carbon  composition  is  forced  through  a 
die  by  a  hydraulic  or  other  form  of  powerful  press.  The  die 
which  is  at  the  foot  of  the  apparatus  has  a  circular  aperture 
of  the  size  of  the  carbon.  The  cylinder  is  filled  with  composi- 
tion which  is  forced  out  through  the  aperture  or  die.  As  the 
cylinder  emerges  it  is  cut  into  the  correct  lengths  and  the  green 
carbons  are  baked. 

In  modern  practice  the  mixture  is  made  into  cylinders  fitting 
the  press  cylinder.  The  size  may  be  about  six  inches  long  and 
two  to  six  inches  in  diameter.    The  cylinders  are  horizontal. 

To  produce  cored  carbons  a  circular  mandrel  extends  through 
the  aperture  of  the  die,  and  the  carbon  is  forced  out  in  the  shape 
of  a  hollow  cylinder.  The  central  opening  of  the  carbons  is  then 
filled  with  a  composition,  which  on  baking  gives  a  softer  carbon. 
The  object  of  the  cored  carbon  is  to  hold  the  arc  in  inclosed  lamps 
in  a  central  position. 

The  baking  of  carbons  has  to  be  sufllcient  in  temperature  and 
duration  to  completely  decompose  the  cementing  pitch  or  syrup, 
and  to  give  them  good  conductivity.  Too  much  baking  may  make 
them  too  hard.  Too  rapid  application  of  heat  may  warp  them, 
and  it  is  essential  to  good  operation  that  they  should  be  perfectly 
straight.  To  keep  them  straight  during  the  baking  and  to  ex- 
clude air,  one  method  adopted  is  the  imbedding  the  green  car- 
bons in  sand,  one  layer  of  carbons  above  the  other  in  the  furnace. 
From  seven  to  fourteen  days  may  be  consumed  in  charging  a 
furnace,  baking  the  carbons  and  cooling. 

The  crooked  carbons  are  sorted  out  from  the  lot  by  rolling 
on  a  plane  surface.  If  not  too  crooked,  the  ones  thrown  out  by 
the  rolling  test  are  sold  as  seconds.  From  crooked  carbons,  short 
ones  useful  as  bottom  carbons  can  sometimes  be  cut. 

The  forced  carbon,  as  the  one  made  by  the  die  process  is  called, 
1  used  in  inclosed  arc  lamps,  especially  in  carbon  feed  lamps. 

"Hhe  D/rect-Current    Open  Xrc  \^  \}[i^  ^^^  v^^^x^r^^  \\y  direct 

•ent  between  two  carbons  in  l\i^  o^eii  ^.Vc.  \\.  N^xVaa.  \\i.  ^\«x^\sSs. 
«  to  10  amperes,  and  Vn  ft\ee\.TomoWN^  l^x^^  ^-i.^^AsS^  ^-^ 
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drop  from  42  to  52  volts.  This  refers  to  ordinary  or  etandard 
size  lamps,  such  as  are  in  general  use.  Larger  lamps  witli  car- 
bons of  greater  diameter  use  more  current.  Some  very  large 
lamps  have  used  carbons  of  an  incti  or  more  in  diameter.  i 

A  very  large  number  oC  open-arc  lamps  are  still  in  use.  Tha  i 
new  installations  are  almost  universally  fitted  with  Inclosed-arc  I 
lamps.  One  of  the  great  expenses  of  conducting  an  open-arc  light 
system  is  the  frequent  trimming  of  the  lamps.  This  requires 
time,  which  involves  a  labor  cbarge.  The  carbons  require  (re-  'j 
qtient  replacing  as  they  burn  out,  which  la  another  item  o£  ex-  i 
pense.  | 

Distribution  of  Light  In  Direct- Current  Open  Arc— The  gas 
engineer  has  always  tested  the  light  given  by  a  gas  flame  in  the 
horizontal  direction.  It  has  never  been  the  practice  to  try  it  at 
various  angles  from  the  horizontal.  With  gas  this  would  be  tar 
from  easy,  because  the  gas  flame  must  burn  vertically,  and  the 
construction  of  a.  photometer  to  test  Its  value  as  a  light  giver  at 
different  angles  would  be  somewhat  difficult.  The  electric  light, 
arc  as  well  as  incandescent,  is  far  from  being  as  sensitive  to 
change  of  position  as  is  the  gas  flame,  and  by  inclining  the  lamp 
in  different  positions,  candle-power  at  various  angles  is  deter- 
mined.    This  is  spoken  of  more  at  length  elsewhere. 

With  an  arc  lamp  with  carbons  end  on  to  each  other,  now  the 
invariable  position,   the  following  variations  of  candle-power  to       ' 
angle  exist   with   direct  current. 

The  horizontal  direction  gives  a  low  candle-power.  The  crater 
is  screened  by  its  edges  from  contributing  its  due  share  to  the 
light. 

As  the  angle  is  depressed,  the  light  given  increases,  until  In 
the  neighborhood  of  40  deg.  depression  the  greatest  light  Is  given. 
After  this  it  decreases  rather  rapidly  to  aero  directly  underneath 
the  lamp. 

Typical  distributions  of  illuminating  power  are  shown  in  the 
cuts.  Figs,  410  to  414.  The  radius  vectors  of  the  curve  indicate 
the  relative  illuminating  power  of  the  arc  at  the  different  angles 
Indicated  by  the  flgures  from  0°  at  the  u^^eT  -skiW^^  S»  ^.^*S' 
at- the  lower  vertical.  130°  from  the  -^eTUnaX  \a  '.'^''  ^-to"^  ''^'* 
horizontal,  and  this  angle  marks  tte  IVaa  ol  s^ea.'yii'v-  W'^'^- 
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The  lower  carbon,  cutting  off  light  by  its  shadow,  is  respon- 
sible for  the  diminution  that  increases  so  rapidly  once  the  IBS** 
single  from  the  vertical  is  passed. 

It  will  be  evident  that  it  is  impossible  to  express  the  value  of 
an  arc  lamp  in  candle-power  unless  the  same  course  is  followed 
which  is  outlined  above.    It  is  taken  in  different  directions,  vary- 
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Long  Arc 
Feeding  Pdnt 


Fios.  410  TO  4U.— Distribution  of  Light  from  Open-Arc  Lamp. 


ing   from   horizontal    to   vertical,   thus   giving  eventually   what 
is  known  as  the  spherical  candle-power. 

Commercial  Rating  of  Arj  Lamps. — A  practice  has  arisen  of 

calling  the  illuminating  power  of  an  arc  lamp  of  standard  street 

'e  2,000  candles.    This  is  a  4%0-^att  lamp.    Another  standard 

18  the  300-watt  lamp,  raleei  al  \,*L^^  cax^eiX^-^Q^^'^ .   ^\ss»a 

r  are  far  in  excess  oi  tYie  sp\ieTVca\  ^^xi^\^^^^^^.  v^^^^v^ 

^rth  and  not  tHe  s^y  ^^V^^  ^^  ^^  ^^  ^\x.^v^x^^.  >o.^ 
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above  figures  are  nearer  the  truth  than  they  are  usually  SHpposed 
to  be,  if  the  va!ue  of  the  lower  he eq! spherical  candle  power  Is 
taken. 

Hissing  Arc. — On  being  driven  too  hard,  or  with  too  much 
nakes  a  noise.  Some  change  occurs  at  this 
!  the  voltage  drops  suddenly  10  to  20  volts,  and 
with  varying  current  gives  a  straight-line  characteristic  for  the 
voltage,  the  voltage  retnaialng  unchanged  for  wide  variations  of 
current.  No  explanation  that  is  satisfactory  has  been  offered  for 
this  phenomenon.  I 

Light  Given  by   the  Arc  Proper. — It   has  already  been  noted       | 
that  the  positive  carbon  gives  the  most  light.     It  gives  8B  per 
cent  of  the  light,  the  negative  10  per  cent,  and  the  arc  proper 
only   5   per  cent. 

Resistance  of  Short  Arcs.— When  the  current  passing  between 
carbons  within  leas  than  1/25  inch  of  each  other  is  increased,  the 
resistance  does  not  decrease  in  the  same  proportion,  and  the 
product,  R  I,  which  by  Ohm's  law  is  equal  to  E,  increases.  There- 
tore  the  voltage  drop  with  such  short  arcs  increases  with  Increase 
of  current.  If  this  condition  held  for  commercial  arc  lamps, 
they  could  be  used  on  parallel  circuits  at  constant  potential  with-  I 
out  wasteful  resistance  coils.  The  length  of  1/25  inch  seems  to  | 
mark  a  point  where  the  voltage  remains  constant  for  a  wide 
range  of  c\  rrent.  This  is  because  in  the  arc  of  this  particular 
length  the  resistance  diminishes  exactly  In  proportion  as  the  cur- 
rent Increases,  giving  a  constant  value  to  the  product  R I  or  to  B.       ' 

The  Resistance  of  Longer  Arcs  on  increase  of  current  dimin- 
ishes In  more  rapid  proportion  than  with  short  ones,  so  that 
as  current  Increases,  the  product  R  I  grows  less.  This  is  why 
a  resistance  coll  for  each  lamp  has  to  be  employed  for  constant- 
potential  lighting,  as  explained  on  page  058. 

From  what  has  been  said,  it  follows  that  on  constant-current 
supply  the  energy  expended  in  maintaining  an  arc  will  Increase 
as  the  Ipngth   increases,  and  with  constant  length  will  do  the 
same  as  the  current  intensity  In'-reases.    On  trial  the  Increaae  ta 
found  fn  be  a  pro  port  Ton  al  one  In  lioth  CR^ett. 
Stationary  State.— This  i?  the  state  ol  tvottobX  >i'«r&\w*.  ^^  "^ 
are  lamp.     When  It  starts,  its  constanta  -oar?  "OtiVW  \X-  ■^'»S«''^ 
__  .  i 
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degree  of  heat  due  to  the  current  and  distance  between  the  car- 
bons. When  this  heat  is  reached,  voltage  and  resistance  remain 
constant  as  long  as  the  length  of  the  arc  and  the  strength  of  the 
current  are  unchanged.  In  practical  operation  arc  lamps  are 
best  operated  in  series.  In  this  system  the  current  is  kept  con- 
stant by  the  station  management,'  and  the  regulators  or  lamp 
machinery  maintain  the  distance  between  the  carbons  unchanged. 

Alternating- Current  Arc. — This  type  of  arc  consumes  about 
the  same  watts  in  effective  reckoning  as  the  direct-current  arc 
does.  The  480-watt  standard  divides  into  15  amperes  and  30  or 
35  volts.  The  volts  are  given  in  effective  value,  so  the  maximum 
value  of  the  electromotive  force  is  greater  than  the  voltage  of  the 
same  direct-current  arc.  The  current  value  is  greater  in  the  al- 
ternating-current arc  than  in  the  direct-current  arc.  This  com- 
pensates for  the  alternations,  which  would  tend  to  produce  flick- 
ering. 

Power  Factor  In  Alternating-Current  Arc— In  the  alternat- 
ing-current arc  the  current  lags  about  30°  behind  the  electromo- 
tive force.  This  introduces  a  power  factor  of  85  per  cent  of  the 
apparent  watts  or  product  of  effective  current  and  potential  drop. 

Influence  of  Wave  Form.— The  efficiency  of  the  alternating-cur- 
rent lamp  is  greater  as  its  current  curve  avoids  peaks  and  as  its 
frequency  is  increased.  It  will  be  seen  that  the  period  of  change 
of  direction  is  a  time  when  the  carbon  gets  so  little  energy  that 
it  has  to  give  light  from  its  own  acquired  heat.  The  shorter 
this  period,  the  greater  is  the  efficiency,  and  therefore  a  high  fre- 
quency is  advisable  for  efficiency  as  well  as  for  steadiness.  A 
flat-tipped  wave  with  quick  or  steep  changes  from  one  extreme  to 
the  other  favors  efficiency. 

Distribution  of  Light  of  Alternating-Current  Arc  Lamps.— 
The  light  from  a  lamp  does  its  work  generally  in  the  lower  hemi- 
sphere of  its  distribution;  ftie  light  cast  out  horizontally  and  at 
all  downward  angles  is  the  useful  light.  This  distribution  is 
'  given  by  the  direct-current  arc  lamp.  The  cratered  upper  carbon, 
'n  which  the  heat  is  concentTated,  gives  most  Ifght,  and  it-s  light 

principally   thrown   do^u^a-TCi,  ^.ti^  <^>:^\.  V^^VKsv^XaJj^-^ .    Ttie 

It  of  the  alternating-cuTTent  axe  \^  ^K^VtW^nsX.^^  ^x^^  ^x^  %»s^ 
and  for  this  reason  l\i\s  axe  \^  \^^^  ^^-s^xAa.%wc«.x>M«.x>^ 
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other.    A  reflector  is  often  used  to  reflect  the  upward  rays  down- 
ward, Ijiit  its  effect  Is  small. 

Reactance  CoU  or  Economy  Coll. — Alternating-current  arc 
lamps  can  be  used  on  constant-potential  circuit  by  tlie  introduc- 
tion in  the  circuit  of  each  lamp  of  an  inductance,  a.  coil  of  wire 
■with  laminated  iron  core.  A  single  coil  with  several  interme- 
diate conneetiona  may  be  used.  Tbese  operate  in  a  manner  analo- 
gous to  that  of  tile  individual  resistance  coil  of  a  constant-poten- 
tial direct-current  arc  lamp.  They  work  by  inductance,  which  ie 
exceedingly  economical  as  a  reducer  of  current  strength.  It  com- 
pensates In  the  case  of  constant- potential  lamps  for  the  otherwise 
low  economy  of  the  alternating-current  lamp,  and  for  its  uneco- 
nomical distribution  of  light,  as  spoken  of  in  the  preceding  para- 
graph. 

Efficiency  of  Alternating -Current  Arc  Lamps. — The  mean 
spherical  candle-power  for  equal  watts  l8  put  at  one-halt  that  o£ 
the   direct-current   arc   lamp. 

Nolae. — The  alternations  In  the  current  and  the  effects  of  the      I 
corresponding  Induction  on  the.  laminations  of  some  of  the  parts       | 
caused   considerable  noise.     In  modern  construction   the  latter       ', 
noise  is  prevented  by  clamping  fast  all  vibrating  laminations  of       ' 
Iron,  and   by  the   use  of   springs   and   India-rubber  supports  for 
such  parts,  so  as  to  prevent  anything  like  sounding-board  action. 
The  application  of  the  incioaed-arc  principle  operates  to  greatly 
diminish  the  hum  of  the  arc. 

Duration  of  Carbons. — The  alternating-current  inclosed-arc 
lanap  with  a  G-ineh  lower  and  Si^-incb  upper  carbon  burns  about 
80  hours  before  the  carbons  need  renewal.  The  direct-current  in- 
closed-arc  lamp  may  run  100  to  150  hours  before  the  carlmns 
need  changing.  This  Is  to  be  compared  with  S  to  10  hours'  dura- 
tion f  jr  open-are  lamps. 

Lengtb  ot  Arc.— The  alternating-current  arc  is  in  practice 
about  %  inch  with  a  6-ampere  current  and  70  to  7B  volts.  This 
is  quite  different  from  the  direct-current  factors  of  working. 

Inclosed-Arc  Lamps. — The  original  arc  lamp  of  the  early  days 

of  electricity,  with  charcoal  electrodes  made  i^"q.4wA.\ii'&  'Vs  '«ti.- 

prvgnstloB  with  mercury,  waa  of  very  ab.ott  6mvb,\.\otv  wi  ■vee^'^'''™- 

fU  carboaa.    it  was  only  experimental,  was  acXi\».\.eA  Aya  «.^-twa»*J 


546  ELECTRICIANS'  HANDY  BOOK. 

battery  which  soon  expended  itself,  and  awaited  the  development 
of  some  cheap  source  of  electricity  to  become  practical.  ^ 

When  the  modern  dynamo  gave  large  quantities  of  electric  en- 
ergy, many  forms  of  arc  lamp  were  devised,  depending  for  the 
durability  of  their  carbons  on  the  composition  of  the  same.  These 
were  made  hard  and  relatively  incombustible,  but  in  the  intense 
heat  of  the  arc  they  burned  away  quite  rapidly  and  had  to  be 
frequently  replaced.  On  every  replacement  a  stump  of  more  or 
less  considerable  length  was  lost  and  thrown  away. 

About  1882  attempts  were  made  to  follow  in  the  wake  of  the 
incandescent  lamp,  and  to  inclose  the  arc  in  an  air-tight  globe. 
In  1894  successful  inclosed-arc  lamps  were  produced,  and  now 
the  movement  is  for  their  universal  use. 

It  is  evident  that  an  hermetically-sealed  globe  is  almost  an 
impossibility  for  an  arc  lamp.  The  carbons  are  certain  to  be  re- 
duced as  the  lamp  burns,  irrespective  of  combustion.  The  arc 
wears  away  the  carbons  mechanically  by  its  transfer  of  carbon 
particles  from  one  carbon  to  the  other.  The  problem  of  inclosing 
and  protecting  the  carbons  is  solved  by  using  an  approximately 
tight  globe.  The  carbon  is  fed  through  a  hole  in  the  top,  which 
it  almost  fills.  The  globe  is  otherwise  closed.  A  very  little  air 
gets  in  by  diffusion,  but  the  duration  of  the  carbons  is  increased 
very  greatly. 

On  standing  idle,  the  globe  slowly  fills  with  air.  On  starting  the 
arc,  combustion  of  the  carbon  begins,  and  in  a  few  minutes  the 
oxygen  in  the  globe  is  exhausted,  being  replaced  by  carbonic-oxide 
and  carbonic-acid  gases,  and  the  wasting  of  the  carbons  is  now 
mechanical  for  the  most  part. 

The  Action  of  the  Inclosed  Arc  is  to  transport  carbon  particles 
from  the  positive  carbon  to  the  negative.  These  particles  im- 
pinging on  the  hot  negative  carbon  stick  there,  and  tend  to  form 
a  little  lump  upon  it.  The  positive  carbon  wears  away,  with  a 
slight  tendency  to  become  concave  or  a  very  little  hollowed  at  the 
end.  The  negative  has  the  opposite  tendency,  becoming  slightly 
-ounded.    If  the  carbons  are  started  with  the  usual  pointed  ends, 

ey  soon  become  almost  fLal-enCL^^. 
le  object  being  to  preseivo  t\ie  ^Xi^^e^  ^1  ^Cji^  ^^\«wi.  ^kiv^^^-^ica 
•  lees  irregular  deposit  ol  eax^^oii  ^^tXX^v.^  ^'i.x>^^t.^^^x:x^^ 
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electrode  ia  a  diaadvantage.  The  carbon  particles  do  not  all  da- 
poait  on  the  negative,  but  also  tend  to  form  a.  blackish  coating  on 
the  glaaa.  If  the  globe  were  hermetically  sealed,  the  glass  would 
inevitahly  blacken.  Recourse  is  had  to  the  air  as  a  cleaning 
agent.  Enough  finds  its  way  into  the  globe  to  burn  up  the  car- 
bon particlea  and  vapor  and  prevent  it  from  forming  the  depoalts 
on  the  glass  and  on  the  negative  carbon.  The  present  successful 
form  of  inclosed-arc  lamp  Is  the  product  of  years  of  experimenta- 
tion and  gradual  development. 

The  Genera]  Electric  Company  Inclosed-arc  lamps  have  a.  com- 
bined globe  and  lower  carbon  bolder.  The  lower  carbon  Is  held 
stationary,  all  the  feed  being  done  by  the  upper  carbon.  This 
feature  enables  the  trimmer  to  remove  the  lower  carbon  and  globe 
together  and  replace  them  by  a  clean  globe  and  new  lower  carbon. 
The  globe  removed  can  be  returned  to  the  station  for  cleaning. 
The  inclosing  globe  Is  comparatively  small,  %%  Inches  high  hy  3 
Inches  diameter.  A  small  passage  several  inches  long  In  the 
cap  connects  the  space  Inside  the  globe  with  the  air.  The  Idea 
le  to  have  the  passage  act  as  a  gas  chamber  to  prevent  the  direct 

Globe  and  Carbon  Holder.— This  is  shown  in  Fig.  415.  B  Is  the 
globe  holder  which  ia  seen  rising  from  it.  and  in  ita  center  are 
shown  the  lower  carbon  and  the  lower  end  of  the  upper  carbon. 
The  head  of  the  screw  for  fastening  the  lower  carbon  faces  the 
reader.  A  is  the  holder  for  the  outer  globe,  which  is  held  from 
shaking  by  the  spring  6  6,  which  goes  Inside  it.  The  frame  carry- 
ing it  is  drawn  down.  When  the  lamp  Is  in  use,  the  frame  la 
pushed  u[i,  the  clamp  C  enters  the  slot  at  D,  and  by  turning  the 
clamp  through  90°  all  Is  secured. 

iDclosed-Arc  Lamp  Carbons.— In  inclosed-arc  lamps  of  stand- 
ard size,  ij-inch  carbons  are  used.  The  upper  one  is  for  direct- 
current  lamps  12  inches  and  the  lower  one  5  Inches  long.  The 
upper  one  wearing  away  twice  as  fast  as  the  lower  one,  becomes 
too  short  after  long  burning.  Before  it  loses  more  than  half  ita  | 
length,  the  lamp  has  to  be  trimmed.  This  is  not  only  neceeHa.v^  | 
for  the  replacement  ot  carbons,  uut  also  Iot  AeMiVn?,  Vr^  o.-ro.'iS. 

trlabe.     A   certain   amount   of  carbon   4uat  ttTii  aftVea  toW'tO^'^  ^"^ 

the  iaclosing  globe,  which  has  to  be  rteaiiea. 
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The  short  lower  and  negative  carbon  becomes  reduced  to  a  mere 
stump,  and  can  without  much  waste  be  thrown  away.  The  upper 
carbon,  about  half  its  former  length,  is  preserved  and  is  cut 
down  to  the  standard  length  of  5  inches,  and  is  used  as  the  lower 
carbon. 

A  lamp  of  this  type  bums  for  125  hours  or  for  10  or  12  nights 
without  trimming. 

One  characteristic  of  inclosed  arcs  affects  the  shape  of  the 
carbons.  They  burn  with  approximately  flat  ends.  This  undoubt- 
edly hurts  their  efficiency  by  screening  off  the  incipient  crater  or 
hottest  point  on  the  positive.  The  flat  opposing  negative  and  the 
projecting  area  of  the  positive  operate  to  produce  this  screening. 

On  110-volt  constant-potential  circuits  a  lamp  will  take  80  volts; 
on  120-volt  circuits  it  will  take  85  volts.  The  remainder  is  taken 
up  and  lost  in  the  resistance  coils  which  are  used  on  constant-po- 
tential systems. 

The  Clutch*— The  development  of  arc  lamps  was  marked  by  the 
most  important  application  of  the  clutch  to  the  carbon  feed.  The 
cut.  Fig.  416,  shows  one  of  the  original  forms,  the  old  Brush 
clutch.  It  is  designed  as  shown  to  feed  two  carbons.  It  consists 
of  a  flat  plate  W  with  a  hole  slightly  larger  than  the  rod  or  carbon 
R  which  passes  through  it.  When  its  end  is  lifted  by  the  mech- 
anism operating  K,  the  plate  binds  or  grips  the  rod  and  raises  it. 
When  the  end  is  lowered,  rod  and  clutch  descend  together,  the 
clutch  not  losing  its  grip  until  the  outer  free  end  is  arrested  in 
its  descent.  The  clutch  is  then  said  to  trip.  As  it  approaches  the 
horizontal  position  on  being  tripped,  the  grip  ceases,  and  the  rod 
descends  through  it. 

In  Fig.  417  is  shown  a  modern  clutch.  When  the  lever  F  is 
raised  or  as  long  as  the  weight  of  the  carbon  is  sustained  by  it, 
the  upper  end  C  of  the  shoe  is  pressed  against  the  carbon  or  caiw 
bon  rod  A,  and  grips  it  between  itself  and  the  upper  end  of  D. 
As  the  carbon  burns  and  is  fed  down  a  little,  the  tripping  piece 
E  touches  the  tripping  platform  G,  and  the  lever  F  descending, 
the  grip  opens  and  the  carbon  can  drop  down.  The  lifting  posi- 
tion  is  shown  In  the  lett-Yiaiid  ^smt^,  ^\i^  XXv^  ^^X^-^^^Vc^  isosition 
the  right-hand  figure.    A.  atW\  »\m^>\ftT  ^XwVofe.  \^  ^^^5rQ.\^^\^ 
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Tripling  Platform. -This  name  Is  given  to  the  little  platform 
or  plate  which  the  clutch  comes  In  contact  with  on  Its  descent, 
and  contact  with  which  trips  It,  and  causes  it  to  relax  or  lose  its 
grip  upon  the  rod.    In  Fig.  417  a  tripping  platform  la  seen  at  Q. 


It  is  also  shown  in  Fig.  422  directly  above  the  lamp  globeB  and     - 
below  the  clutches. 

Carbon-Feed  Lamps.— Tbe  clutch  Is  used  tor  almost  all  coo 

mercial  lamps.    It  may  grip  a  braas  rod  or  tube  to  whose  \a'««i 

enfJ  the  i-arlion  pencil  is  secured.    Tbe  a4'^Mita.&6  ot  XM.*  ft.-t:«».^f- 

ment  is  that  the  clutch  has  always  Va.%  same  cvVw^^^*  ^  »»A.^^» 

In  many  lamps  the  Clutch  grips  the  upper  cm^Wki  4.\x«s»l1  -      "^ 
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lamps  are  said  to  have  a  carbun  feed.    The  carbons  for  a 

be  of  uniform  shape,  and  but  a  very  Blight  variation  in  diameter 

is  admissible. 

Concentric  Magnets. — In  some  lamps  a  single  magnet  coll  i 
used,  placed  directly  In  tbe  axis  of  the  lamp.  A  plunger  works 
up  and  down  within  the  coil 
and  operates  the  feeding 
mechanism.  In  other  types 
of  lamps  the  magnet  colls 
are  placed  to  one  side  ol  the 
axis.  Id  Fie.  419  ie  shown 
the  type  used  in  some  of  tie 
General  Electric  Company's 
lamps,  a  U-shaped  magnet 
with  double-p 
ture. 

Dash  Pots. — A  dash  pot, 
Fig.  420,  IS  a  cylinder  wftli 
a  piston.  Owing  t 
escape  and  Ingress  of  air, 
tlie  piston  c 

idly  up  or  down,  although  it 
Is  devoid  of  friction  i 
as  possible.  Thus,  it  Is  quite 
free  to  tahe  any  positloi 
but  is  not  free  to  do  so  raj 
idly.  The  piston  ik  attached 
to  one  of  the  armature  parts  In  arc  lamps,  so  as  to  rise  and  fall 
with  the  armature.  While  entirely  without  effect  upon  the  f 
tlon  ultimately  taken  by  the  armature,  it  prevents  all  sudden 
movements   and   secures   steady  carbon  feed. 

Carboa  Holders.— The  lower  carl>on  does  not  move,  and  la  » 
into  a  socket,  as  shown  in  Fig.  415.  This  may  have  a  setserew 
to  retain  the  carbon  firmly  In  position.  An  upper  carbon  holder 
JB  oUeo  a  short  lube.  Fig.  421,  whose  lower  end  is  slotted  and 
rings  over  the  upper  end  ot  tbe\Q^M  cax'ooii-,  ■Cml -wXtfe iTtnn.  the 
MnnectB  to  ttetop  o[  IWs'Uo^iiaT.  Toe -aoVi-e^  *\««». -s^ « 
i  long  vertical  to\)e  In  ttvft  *«s  «^  ^^^  ^^^-  ^•*^ 


Fill.  419.— Ahc  Lamp  Mabhet  With 

flOUBLK-PLnii 
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tiona  are  governed  by  the  magnels  and  clutch  meclianisra.  In  (he 
diftgram,  Pig.  423,  tlie  tube  is  seen  in  a  verlical  position  directly 
over  the  carboaa,  and  within  it  la  seen  the  carbon  holder  with 
the  leading-ln  wire  coiled  in  the  tube  atove  it. 

Constant -Current  or  Series  Arc  Lamps.— In  operating  arc 
lamps  on  series,  a  constant  current  is  forced  through  the  line. 
The  length  of  the  arc  cannot  therefore  be  regulated  by  the  current 
in  series,  as  the  latter  la  invariable.  The  carbons  in  a  single 
lamp  may  be  drawn  so  far  apart  as  to  greatly  Increase  the  re- 
sistance and  disturb  the  working  of  the  entire  aeries  of  lamps. 
This  possible  trouble  has  to  be  pro- 
vided for  also  In  constant-current 
lamps. 

Two  magnets  are  used  to  operate 
the  clutch.  One  magnet  Is  in  series 
with  the  lamp,  and  when  the  current 
is  turned  on,  the  clutch  is  rafsed,  lift- 
ing the  upper  carbon,  which  when  the 
lamp  is  idle  rests  upon  the  lower  one, 
and  causes  the  arc  'to  strike.  This 
ends  the  functions  of  the  series  mag- 
net until  the  next  period  of  lighting 
comes. 

A  second  magnet  la  placed  fn  par- 
allel   with    the   are.     As   the  arc    In- 
creases in  length,  the  resistance  of  the  arc  alao  increases,  and 
more  current  is  shunted  through  the  shunt  magnet.     This  mag- 
net  is  ao  connected   to   the   clutch   that  as   it   attracts   Its   arma- 
ture and  the  latter  rises,  the  clutch  descends,  thus  shortening  the 

If  for  any  cause  the  arc  should  become  too  long,  so  as  to  re- 
quire two  or  three  more  volts  for  its  maintenance  than  proper, 
the  mechanism  closes  a  cutnDUt.  which  operates  by  closing  a  cir- 
cuit in  parallel  with  the  lamp.  If  the  carbons  descend,  and  the 
ends  come  in  contact  because  the  clutch  trips  and  refuses  to  act, 
the  cut-out  also  closes.     Thus  the  cut-oul  ^lecotafts  iM^i'it^'i.Vi'fe  ^>. 

The  diagram.  Fig.  422.  illuatratea  the  acUon.    \V.  ^"ac,-^*  HSi.e.NMn.-^ 
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Inactive,  the  carbona  In  contact,  and  the  cut-out  closed.  If  cur- 
rent is  turned  on,  it  goes  through  the  cut-out.  In  series  vith 
the  cut-out  is  a  coil  which  provides  the  starting  resistance,  Ita 
resistance  shunts  sufficient  current  through  the  series  magnet 
e  It  .to  attract  its  armature  and  raise  the  clutch.  This  sep- 
arates the  carbons,  the  arc 
strikes,  and  current  IB  shunt- 
ed through  the  shunt  mag- 
net. This  at  once  begins  10 
regulate  the  length    of  the 

The  armatures  of  the 
shunt  and  series  magnets 
operate  a  racher  arm  whicli 
Is  pivoted  between  the  mag- 
nets, so  that  the  series  and 
shunt  magnet  have  reverse 
eifects  on  the  movaiile 
upper  carbon.  As  the 
shunt-magnet  armature  is 
drawn  up,  the  clutch  de- 
scends, owing  to  the  action 
of  the  rocker  arms,  and  the 
reverse  action  takes  place 
when  the  shunt-magnet  ar- 
mature descends.  In  this 
way  the  increase  of  arc 
length  shunting  more  cu^ 
rent  through  the  shunt  mag- 
net causes  the  clutch  to  de- 
scend aud  the  arc  shortena 
The  dash-pot  is  shown -to  the  left  of  (he  central  tube  above  the 
rocker  arm.  Immediately  below  the  clutch  is  the  tripping  plat- 
form, seen  extending  over  the  top  of  the  globe, 

Adjusting  Weight.— This  slides  back  and  forth  upon  the  rocker 
rm  attached  to  the  two  arma,tVMe  to4?,.   1\C«.  \*  lu^^et^^  ta  any 
(red  position  by  a  aetscte-w.   Yot  ^^^ia^'ioi:'*  ""^  f»-"«5*- eM»R& 
^  ampere  aboye  or  belo'w  t&e  Ta^^a  «a^«nS.  ^\  ■i&*.^».■B.^ 


FiO.  122.— Duo  RAM  o 
Current  Berieh  A 
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the  weight  must  be  shifted.    Moving  the  weight  toward  the  clutch 
rod  reduces  ari;  voltage,  and  moving  it  away  increases  arc  voltage, 

Fig.  423  shows  the  lamp  with  the  cover  removed  from  the  mech- 
anism.     The    parts   can   be   Identified    by 
the  diaRram,  Fig.  422. 

Action  of  an  Arc  Lamp  on  a  Constant- 
Potential    Circuit.— The  resistanct  of  the 


and  vice  versa,  Therefore  on  a  constant- 
potential  circuft,  where  the  current  is 
practically  unlimited,  an  arc  lamp  can- 
not be  used  wlljout  auxiliary  apparatus. 
The  resistance  coll  in  the  case  of  the 
direct-current  arc  lamp,  and  the  in:luc- 
tance  coil  in  the  case  of  the  alternating- 
current  lamp,  are  the  auxiliary  apparatus 
preventing  this  action. 

Action  of  tbe  Resistance  Coil  In  a 
Constant -Potential  Arc  Lamp.— A  mo- 
menta n  reaee  in  the  current  through 
a  lami  without  a  coil  would  lower  lis  re- 
s  stance  so  that  too  much  current  would 
pass  and  t  e  current  would  increase  until 
some  Ian  ase  would  ensue  or  until  a  fuse 
wou  d  b  on  out.  But  a  fixed  resistance  In 
series  with  the  lamp  prevents  this  trouble. 
By  Ohm^s  law,  E  —  RI,  with  fixed  resist- 
ance the  drop  required  to  force  a  current 
through  the  resistance  will  increase  or  de- 
crease In  proportion  to  the  current.  The 
drop  of  potential  expended  on  the  lamp 
atone  is  a  fixed  amount,  that  of  the  po- 
tential of  the  system  minus  the  drop  ex- 
pended on  the  resistance  coil.  The  moment 
in  the  lamp,  the  drop  In  the  resistance  coil  is  increased  and  that  In. 
the  iBinp  is  diminished.  This  rediictioTi  ot  fiTO^  twV&  io-wa.  ■OSi%  "iVL^- 
rent  again  to  Its  proper  amount. 
A  momentary  decrease  In  the  current,  otv  Vb«  <i^-^«i^  ^xa--*.*-. 
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■■creaeea  the  reaiatance  of  the  lamp,  which  cuts  down  the  current 
still  further,  and  the  lamp  may  he  quite  extinguiahed  if  without 
a  series  reaiatance.  But  with  a  resistance  in  series  the  action 
converse  to  that  just  described  takes  place.  A  reduction  of  c 
rent  through  the  lamp  and  resistance  coil  can  only  be  due  to 
Increased  resistance  In  the  lamp.  TbiE  decreases  the  drop  Id 
voltage  due  to  the  resistance  coil;  and  as  the  dynamo  maintains 
a  constant  voltage,  the  drop  at  the  lamp  is  increased.  This  oper- 
ates to  give  more  current  to  the  lamp,  compensating  for  its  in- 
crease  in  resistance. 

The  reactance  coil  in  series  ■with,  the  alternating-current  lamp 
acts  in  the  same  way,  except  that  reactance  of  induction  plays  the 
principal  r/ile  in  steadying  the  lamp,  resistance  being  quite  s 
ondary. 

An  additional  regulating  action  of  the  series  resistance  mar 
be  sought  for  In  its  variations  in  temperature.  As  more  our 
rent  passes,  it  gets  hotter  and  increases  in  resistance.  This  ii 
exactly  what  Is  wanted;  but  whether  Ibis  action  is  ever  sufficient 
in  extent  to  play  any  part  in  the  actual  regulatfon  is  problematical 
in  most  cases. 

A  standard  potential  for  constant-potential  systems  Is  110  volts. 
This,  of  course,  varies  considerably  in  different  parts  of  a  district, 
but  it  gives  a  basis  for  parallel  circuit  arc  lighting.  Forty  to 
fifty  volts  are  the  drop  for  a  commercial  open-arc  lamp.  Two  In 
series  with  a  steadying  resistance  will  meet  the  voltage  of  the 
Incandescent  system.  This  has  become  a  general  method  of  di* 
posing  of  them.  They  take  some  ten  amperes  of  current,  so 
each  group  of  two  In  series  represents  In  current  consumption 
twenty  incandescent  lamps  in  parallel. 

The  Parallel-Circutt  System  of  Electric  Supply  is  very  e 
travagant  In  first  coat  of  Installation.  A  district  could  have  its 
illumination  supplied  by  incandescent  lamps  in  series  of  twenty 
e  through  a  network  of  comparatively  small  wires.  Roughly 
(•peaking,  one  extreme  would  be  the  case  where  the  copper  mains 
^hlch  would  supply  the  lamps  would  be  of  but  one-twentieth  the 

fco£thoae  required  on  pata.\\e\  cXtcwM^qt  'CceeMQ^VMa'aa, 

t  of  matalULloa  \«  tap'vlB.W.i^^'CvQ^,  Mi&\^'Kt«N.->M*M. 
I  It.  ao  thai  Heavy  cQPseT  to*\tx*  MA^»s«^^ 
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machines  are  a  source  of  amiiial  expense  Just  as  much  a:^  coat 
eonaumption.  An  arc  lamp  gives  far  more  light  per  unit  of  power 
than  an  incandescent  lamp.  Placed  In  parallel  circuit  it  exacts 
large  maina,  and  the  resistance  in  series  consumes  energy. 

The  series  connection  is  the  ideal  Bystem  for  arc  lamps.     They 


are  used  for  continuous  or  periodic  illumiii 
to  he  lighted  and  extinguished  by  con- 
sumers, and  the  use  of  them  on  parallel 
circuit  Is  a  concession  to  an  exiatins  state 
of  things  only.  No  engineer  would  pri- 
marily estahlish  a  parallel  system  of  arc 
lighting, 

Constant-Potential  Arc  LampB.— This 
class  of  arc  lamp  operates  on  constant- 
potential  circulta,  and  Its  regulating  mag- 
net is  operated  by  varfations  in  the  cur- 
rent. An  Increase  of  current  causes  the 
magnet  to  lift  Its  armature,  and  thereby 
to  lift  the  upper  carbon.  This  increases 
the  length  of  the  arc  and  its  resistance 
and  reduces  the  current.  A  diminution 
of  current  permits  the  magnet  armature 
to  descend,  the  upper  carbon  descends 
■with  It,  and  the  arc  fs  shortened.  This 
reduces  the  resistance  of  the  arc  and  in- 
creases the  current.  The  Increase  o£  cur- 
rent arrests  the  downward  movement  of 
the  armature,  and  may  cause  it  to  rise  a 
little.  These  converse  actions  keep  the 
length    of    the    arc    approximately    the 


supposed 


Aaa  LAMP  MucaAlliBic. 


The  diagram.  Pig.  424,  shows  the  principle  of  construction  of  a        ' 
constant-potential    arc    lamp   of   the   General    Electric    Company.         • 
The  one  illustrated  Is  an  alternating- current  lamp.     For  the  pur- 
pCMieB  of  this  descrit>tion  the  principal  difference  between  it  and  a 
direct -current  lamp  is  the  use  of  a  reactWe  coW  \'fis'vftsb.&.  i\  *.      | 
resisinnce   roil.      The   current    enters  by   B.  \i\ii4\uS  ^o*^.  ■■{»:s«Ci 
through  the  reactance  coil,  the  lower  caibon.,  asc,  wx^  >5W««  "^^^ 
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bon  tn  the  order  named.    It  then  paaBes  thrOQKb  tli6  magnet  colls 

and  out  on  the  line.  The  armature  Is  of  double-plunger  t;pe,  with 
the  lower  end  of  the  plungers  connected  by  a  croaa  bar  which 
carries  a  downwardly  projecting  rod  at  Its  center  which  oper- 
ates the  clutch  as  shown.  Immediately  below  the  clutch  Is  a  trip- 
ping platform.  When  the  clutch  strikes  thU  it  trips  and  the 
carbon  drops  a  little.  Another  distinction  between  the  constant 
current  lamp  and  the  constant  potential  lamp  Is  that  the  latter 
has  only  one  regulating  magnet,  which  Is  In  series  with  the  arc. 

The  reactance  coll  is  shown  in  horlyontal  diagram  above  the 
lamp.    The  lettered  places  indicate  points  of  connection  for  the 


Fio.  HS.—Ueactavix  Con.  voi 

COBBTANT      POTEINTIAL      AUTZE 
HATUSa-CUBBSST  ABO  LaUP. 


Via  4£e  — Rebistakci  Coil 

FOB  COSarABT   POTKSTliL 

DiRBtrr  Otrrert  Aho  IiAvp. 


wires.  The  wire  T,  the  right-hand  one  In  the  cut  is  always  con- 
nected to  point  A  or  H.  The  wire  S,  over  the  top  of  the  lamp, 
is  connected  to  any  of  the  other  points  according  to  the  voltage 
on  the  circuit  and  the  frequency  of  the  c  rcuit  The  arc  voltage 
is  taken  at  70  to  73  volts.  For  GO  cycles  and  104  volta  on  the  line, 
S  should  be  connected  probably  to  .1;  for  125  cycles  and  104  volts, 
to  F.  To  Increase  arc  voltage  fewer  coil  divisions  must  be 
brought  into  series.  Thus,  changing  the  wire  S  from  M  to  L  or  . 
to  K  increases  the  voltage  of  the  arc  by  cutting  out  part  of  tha 
reactance  of  file  coil. 
The  direct-current  lamp  is  of  rtie  same  constrnction,  except  that 
/(  contains  no  reactance  eoW,  'bvit  a.  Tea\s\».iite  toKX  ■wu'm.^i  mii»s!i  ». 

grooved  porcelain  bloct  occupies  ttve  ?».■»*  -o\fiK.fe.    K  aWWo^^  •» 

tact  arranged  in  a  groa^se  Blao^ra  t     '^■' 


L  ftvft  a\i*  o^  **«  vn"!*»!o 
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block  enables  the  resistance  to  he  regulated  by  rheostat  act 

Fig.  425   shows   the  reactanvie  mU,  and  Fig.  426  the  pori 

block  for   resistance   coil.     The   groove  on   the  side  receive 


N 


Pia.  an, — Constant  Fotkn- 


PlO.  *B8.-  CONBTiSr  POTBI^ 
TIALi   DiRECT-CCRRENT 


sliding  contact  fiece  used  to  cut  out  resistance  as  desired, 
alternating-current  lamp  is  shown  in  Fig.  427,  and  the  d 
current  lamp  in  Fig.  428. 

In  both  types  of  lamp  the  arc  is  liable  to  lTa"J^\  \Tii-ni.  ■« 
s/de  of  the  apace  between  the  carbona.  Tbe  Btt.%cX.  oo.  ' 
trlbution  of  light  la  quite  different  in  ttie  VncVoBftft.  W^*- 
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lamps,  and  is  illustrated  in  Pigs.  429  to  434.    The  distribution  of 
light  from  the  open  arc  lamp  with  central  and  side  arc  is  shown  in 


Pros.  439  TO  431.— Distribution  OP 

Light  in  Direct- Curbekt 

Open-Arc  Lamps. 


Figs.  433  to  434.— Distribution 

OF  Light  in  Direct-Current 

In  CLOSED- Arc  Lamps. 


Figs.  429  to  431.    The  crater  in  the  upper  carbon  is  so  displaced 
V  the  migrations  of  the  axe  a^  lo  m^>?.^  ^  ^\^"aX  ^S&&x^\uie  in 
amount  of  light  given  on  l\ie  aV^^  ^>c^^^^  ^^^  ^^^'^^^  ^^^^-^.^^^ 
that  given  by  the  otUer  aVe^e.    YV^^.  ^'^^  ^^  ^^^  ^^^^  ^^  ^^ 
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feet  of  the  migration  of  the  arc  In  iJirect-currenf  incloaed-arc 
lamps.  As  only  a  slight  crater  forma  In  the  earhons  of  this  type 
of  lamp,  the  iioevennesa  ot  distribution  of  light  due  to  shifting 
of  the  arc  is  very  sligllt. 

Management  of  Inclosed-Arc  CarbonB.— To  get  the  longest 
life  out  of  the  earhons.  the  following  rules  should  he  observed. 
The  lamp  should  not  be  run  on  a  circuit  of  frequency  or  voltage 
different  from  that  for  which  the  lamp  was  adjusted.  A  lamp 
when  burning  should  have  at  least  100  volts  drop  at  the  arc.  The 
carbons  in  inclosed-arc  lamps  are  separated  by  twice  the  interval 
which  obtains  in  the  open-arc  lamps.  The  inclosing  globe  must 
fit  perfectly.  Its  upper  edge  must  make  a  virtually  air-tight 
joint  with  the  cap.  The  mechanism  must  work  freely,  so  as  to 
insure  correct  feed.  The  old  upper  carbons  can  be  cut  to  proper 
length  if  too  long,  and  used  as  lower  carbons.  Carbons  should 
not  be  used  of  length  greater  than  that  specified  for  the  lamp. 

Adjusting  Lamps.— Lamps  are  usually  sent  out  adjusted  for 
the  voltage  or  current  which  the  purchaser  has  specified  in  his 
order.  A  variation  of  a  quarter  of  an  ampere  above  or  below 
the  rated  current  calls  for  adjustment.  In  the  Genera!  Electric 
Company's  lamps  a  weight  is  sometimes  mounted  on  the  working 
lever.  This  weight  can  be  shifted  so  as  to  adjust  the  lamp  for 
different  currents.  Moving  this  weight  toward  the  clutch  rod 
reduces  the  voltage  or  drop  at  the  arc;  moving  it  in  the  other 
direction   Increases  It,  as  it  acts  to  pull  the  carbons  apart.  ] 

The  Indosing  Globes.— The  directions  for  Installing  lamps  1b-       || 
sued  by  the  manufacturing  company  sometimes  specify  that  the         ) 
lamps   should   not  be   started   without  the   small   inclosing  globe 
being  in  place.     This  Instruction  should  be  rigorously  followed. 
The  Inclosing  globe  is  as  much  a  part  of  the  lamp  as  the  carbons 
are.    Not  only  the  rate  of  consumption  of  carbons  is  reduced  by 
the  presence  of  the  globe,  but  the  carbon  ends  take  a  different 
shape.     The   reduction   in  consumption   of   carbons  Is   Important 
as  an  economy  in  supplies,  and  because  it  diminishes  the  labor 
bill  for  trimming.     The  Inclosing  globe  is  subjected  to  strong 
heat.     It  must  not  be  clamped  ao  light  aa  lo  ^tmiV.  ^^it  \aES-  ■A 
,   room  to  expand.     The  hole  for  the  upBer  caT^nm  ^■aaX.'Vift  *■  ^'^^ 
hat  perfeetljr  loose  Bt.     The  little  air  wtlcU  -WOTVa  Vo.  ■CKto^^ ^ 
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is  rather  a  benefit  than  otherwise,  as  it  tends  to  keep  the  lamp 
cleaner. 

Negative  and  Positive  Connections  in  Inclosed- Arc  Lamps — 

If  a  direct-current  arc  lamp  is  to  be  installed,  the  upper  carbon 
must  be  connected. to  the  positive  terminal  of  the  line.  If  there 
is  any  doubt  about  the  connections,  the  current  may  be  turned  on 
for  a  few  minutes  and  then  turned  ofC.  If  properly  connected,  the 
upper  carbon  will  be  the  hotter,  and  consequently  will  remain 
red  hot  longer  than  the  lower  one  will.  If  improperly  connected, 
the  lower  carbon  will  be  the  hotter.  In  such  case  reverse  the  con- 
nections. 

Putting  a  Lamp  Into  Service. — After  unpacking  a  new  lamp  re- 
move the  upper  casing.  This  is  sometimes  secured  by  a  bayonet 
joint,  sometimes  by  screws.  Sometimes  wedges  and  packing  are 
used  for  safety  in  shipping.  Such  will  be  seen  inserted  in  the 
machinery,  if  present.  Remove  them  carefully,  brush  out  the 
machinery  if  necessary,  examine  it  for  loose  parts,  and  see  that 
the  movable  parts  work  freely.  When  all  is  in  order,  replace 
the  casing.  Sometimes  lamps  are  shipped  with  the  lower  carbon 
holder  and  its  rod  removed  from  the  lamp.  If  so,  it  must  be 
put  into  place.  Care  must  be  taken  in  doing  this  to  center  ac- 
curately the  lower  carbon.  This  is  effected  by  putting  the  lower 
carbon  rod  in  its  right  position.  Then  perfectly  straight  carbons 
should  be  used.  If  they  do  not  come  in  line,  the  lower  carbon 
holder  may  in  some  lamps  be  used  to  rectify  their  position  by 
twisting. 

Oil. — Do  not  oil  the  dash  pot  or  other  mechanism  of  an  arc 
lamp.     Its  parts  are  so  exposed  that  lubrication  is  inadvisable. 

Clutch  Stop  Adjustment.-r-The  clutch  stop  should  be  so  dd* 
justed  that  with  the  carbon  of  smallest  allowable  diameter  the 
upward  movement  of  the  clutch  is  arrested  when  the  armature  is 
within  one-eighth  to  one-quarter  inch  of  the  magnet  pole  faces. 

Cut-Out. — The  cut-out  is  adjusted  to  close  when  the  stem  of 
the  clutch  is  about  one-sixteenth  inch  below  the  tripping  point. 
The  lamp  should  with  this  adlustment  cut  out  when  the  voltage    : 

two  or  three  volts  above  l\ve  lee^m?^  nq>\\^^^. 

'^rbons  for  Inclosed-Xtc  V-am^.— ^^^  ^^W'si«wi\.^^  ^-^^^-^n^ss^ 
fnclosed-arc  lamp,  one  eoxee.  ^.v^  ^^^  ^^^.^  ^^^"^  ^^^^^^ 
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lie  used.  In  ordering,  half  of  the  order  should  be  for  solid  and 
half  for  cored  carbons.  Tliej  may  all  he  of  thp  same  length,  say 
twelve  inches.  When  the  lamps  are  started  the  lower  carbons 
can  be  got  by  cutting  12  inch  carbons  into  pieces  Afterward  the 
partly-bnrned  upper  carbont,  will  aet  at.  lower  carbons  The  car- 
bons must  be  smootli  and  of  e\en  diameter  The  npper  one  is 
supposed  to  act  almost  as  a  stopper  for  the  upper  tola  in  the 
inclosing  globe's  metallic  cap  \ny  frietion  at  this  point  will 
interfere  with  the  feed  of  the  upper  carbon  and  may  put  the  lamp 
out. 

To  Carbon  a  Lamp.— The  following  directions  are  given  by  tbe      , 
General    Electric   Company    for   their   series    mcloaed  arc   lamps. 
Be  sure  that  the  current  Is  switched  off     Hold  the  incloHing  globe       | 
firmly  and  swing  the  hail  to  one  side  after  pulling  down  on  It.       i 
The  globe  will  come  off     Loosen  the  setscrew  and  remove  the 
lower  carbon.    Remove  the  npper  carbon   and  put  in  a  new  one,       i 
Inserting   it   in    the   spring   carbon    holder   of   the   upper   carbon 
tube.     Put  a  lower  carbon  of  proper  length  in  the  lower  holder, 
and  secure  it  with  the  thumbscrew      Replace  the  inclosing  globe,        i 
being  careful  to  set  the  upper  edge  aquaiely  against  the  finished        j 
surface  of  the  cap,  so  as  to  exclude  the  air  from  the  arc    Secure       | 
the  globe  by  placing  the  supporting  ring  of  tbe  bail  around  tbe       I 
projection  on  the  bottom  of  the  globe     To  insure  proper  electrical 
connection  to  the  upper     arbon    il  must  he  well   inserted  in  the 
spring   carbon    holder   on   the   mside   of   the   carbon   tube.      The 
insertion  of  the  carbons  Into  the  holders   la   facilitated  by  their 
having  beveled  ends.    The  inclosfng  globe  should  be  cleaned  at  the 
station  periodically,  or  the  dirt  whkh  collects  on  its  inner  sur- 
face will  reduce  the  light      The  above  directions  have  to  be  modi- 
fied for  lamps  with  Inclosing  globes  ot  other  type.    The  modlflca- 
tiona  are  obvious  on  inspection  of  the  lamp. 

Lamps  Without  nechanlam.  The  JablochkoH  Candle. —At 
one  time  the  efforts  of  Inventors  were  directed  to  the  end  of 
producing  an  arc  lamp  without  mechanism,  but  all  such  have 
practically  gone  out  of  use.  The  JablochkolT  candle,  illustrated  In 
Pig.  435,  bad  very  extensive  use  at  one  Utne.  11  wyo.^'vsJ.fe^  ^^  Vsu 
jiaraUel  roils  of  mrbon  separated  by  an  \uatt\a.l\Ti%  Y(va.''.e,f\A,  «&'^»- 
aa  gypsum-     They  were  used  neceBsaiHy  wll'Vi  a.n  a.\Ve.-TO8-'>-'«''«5  '^"^^' 
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rent.  A  small  bit  of  carbon  was  laid  across  the  top  to  connect 
the  carbons.  This  enabled  the  current  to  start,  and  in  a  few 
seconds  the  carbon  slip  burned  away  and  the  arc  was  formed. 
In  the  cut  dd  are  the  line  connections,  h  is  a  spring  keeping 
pressure  upon  the  socket  holding  the  base  a  of  the  candle.  Once 
the  arc  was  formed,  it  was  supposed  to  continue  until  the  candle 
burned  out.     If  the  arc  went  out,  it  would  not  form  again. 

The  Wallace    LAmp»  an  American  invention,  is  deserving  of 
notice,  although  it  was  never  much  used.    The  carbons  were  fn 

the  form  of  two  rectangular  plates. 
By  regulating  mechanism  they  were 
kept  edge  to  edge  withfn  a  fraction 
of  an  inch  of  each  other.  The  edges 
were  sensibly  parallel  to  each  other, 
but  inevitably  one  place  would  mark  a 
slightly  closer  approximation  of  the 
carbons.  Here  the  arc  sprang  across, 
and  as  it  burned,  increasing  the  dis- 
tance, it  shifted  a  little,  and  eventually 
traveled  the  whole  length,  several 
inches  in  extent,  of  the  edges  of  the 
carbon  plates.  As  the  distance  be- 
tween the  edges  increased,  the  upper 
plate  was  fed  down  so  as  to  diminish  it. 
The  Sun  Lamp  had  two  inclined 
rods  of  carbon  occupying  a  position 
like  that  of  the  two  arms  of  the  letter  V.  They  descended  through 
holes  in  a  block  of  refractory  material  by  their  own  weight. 

Open  Air  Incandescence.— One  modification   of   the   true  arc 
lamp  has  disappeared  from  the  field.    Open-air  incandescence  was 
the  name  given  to  the  principle  on  which  this  class  of  lamps  oper- 
ated.    This  principle  utilized  the  loose  contact  between  a  carbon 
point  resting  on  a  carbon  surface  as  the  seat  of  incandescence. 
This  secured  a  simple  gravity  feed,  and  to  a  considerable  extent 
l^ot  rid  of  mechanism. 
Gradually  all  these  lamps  d\e^  o\x\.,  a^\i^  ^\.  xXiife  ^x^^aoxit  time  arc- 
Jamp  lighting  is  fast  setUing  Olo^iq.  mlo  \Xvfe  xv'&'i  oil  "OaA  \\^^<^'sft.^- 
^rc  lamp  with  positive  dowxiNv^xd  Ue^  ci\  ^-^^  >^VW  ^^x*«^. 


Fig.  435.— The  Jablochkoff 
Candle. 


CHAPTER    XXXIII. 

PHOTOMETRY. 

Standards  of  lllumiiiating  Power.— The  light  given  by  a  source 
of  illumination,  such  as  a  gas  flame,  oil  lamp,  or  electric  lamp, 
has  in  the  existing  state  of  science  to  be  referred  to  and  meas- 
ured by  some  standard.  The  usual  standard  in  this  country  is 
the  candle.    This  is  a  sperm  candle  burning  120  grains  per  hour. 

Many  other  units  of  illuminating  power  have  been  proposed, 
and  in  other  countries  they  have  been  adopted  to  a  greater  or 
less  extent.  A  number  of  the  more  prominent  are  summarized 
below,    with    their   relative   values. 

The  light  given  by  a  lamp  is  called  indifferently  its  illumin-  , 
ating  power  or  its  candle  power.    The  latter  term  does  not  apply 
to  French  practice,  where  the  Carcel  lamp   (Bee  Carcel)   is  the 
standard. 

Principle  of  the  Photometer. — The  principle  on  which  the  test- 
ing of  lamps  for  candle-power  is  based  is  the  following.  The 
source  of  light  is  assumed  to  be  a  point.  As  the  distance  of  the 
observer  from  it  is  increased,  he  receives  less  light.  The  degree 
of  light  received  is  dependent  on  the  area  over  which  its  effect 
is  spread,  and  like  all  radiations  its  intensity  varies  inversely 
with  the  square  of  the  distance. 

The  cut.  Fig.  436,  shows  this  clearly.     The  larger -area  haiF 
distributed   over   its   surface  the  exact  amount  of  light  wWf" 
lights  the  smaller  area.    One  is  twice  as  far  removed  from  tl 
source  of  light  as  is  the  other,  and  its  area  is  four  times  as  gr«i 

Therefore,  a  portion  of  the  area  of  the  distant  surface  equal  k 

-"1 

area  to  the  nearer  one  receives  one-quarter  the  amount  of  light, 
because  it   is  at  double  the  distance. 

Supno^p  two  UshtB  are  placed  at  a  eL\s»\.^Tve.^  ol  ^^  \tsj5cssss.  ^x^-^s^ 
each  other,  and  ^  screen  is  placed  at  a  w\\i\  o\x  \^^ft\V^^  ^'^soss^ 
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log  them  where  It  will  receive  au  equal  amount  ot  llgbt  from 
each.  Suppose  that  this  point  Is  60  Inches  from  one  light  and 
consequently  30  Inches  from  the  other.  The  ratio  ot  60  to  30  Is  as 
2  Is  to  1.  As  the  light  given  varies  inversely  with  the  square  of 
the  distance.  It  follows  that  the  nearer  light  la  of  one-quarter  the 
power  of  the  distant  one. 

Bar  Photometer.— The  above  Is  the  principle  of  the  bar  photo- 
meter, the  Instrument  universally  used  for  testing  the  candle- 
power  ot  lamps,  as  well  as  of  the  shadow  and  other  less  used  ap- 
paratus. 


PiQ.  436.— Law  of  THi  iNVHRSa  aoirABafi. 

Photometric  Screens.— A  screen  Is  used  to  determine  the  point 
on  the  bar  at  which  an  equal  amount  of  liel»t  la  received  from 
both  sources.  Several  devices  have  been  employed  or  suggested 
for  this  purpose.  ^ 

The  BunAen  Disk.— The  Bunsen  disk  is  founded  on  the  follow- 
ing principle.  If  a  spot  upon  a  sheet  of  paper  be  treated  with 
grease.  It  will  become  more  translucent  and  less  reflective  than 
it  was  before.  Therefore,  if  seen  by  transmitted  light,  if  held 
between  the  observer  and  a  candle,  (or  instance,  it  will  appear 
lighter  in  color  than  the  rest  of  the  paper.  If  light  la  caused  to 
shine  upon  it,  then  the  spot  w\U  a.'p'ees.t  AaTker  than  the  rest  of 

thf  paper,   because  It  does  ivot  reftect  WsJA  wi  -w^. 
It  such  a  piece  of  paper  la  ^e\ft  -fteV^^^^  V«<^  »«nvt^  !1!^™ 

nd  rsceiveB  the  same  amouut  oi  Wg-W.  tto«.  ««a^- ** -sv*. -tf« 
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tend  to  dlBappear.  It  may  not  disappear  completely,  but  the  posi- 
lion  of  greatest  faintneas  is  easily  found  with  considerable  ac- 
curacy. 

Tlie  disk  ia  made  of  rather  heavy  white  paper,  and  the  spot  in 
the  center  Is  made  by  melting  paraffin  wax  into  the  paper.  Any 
kind  of  greasy  matter  will  do  as  an  expedient  for  temporary  pur- 
poses. A  hot  bit  of  wire  will  answer  for  melting  it  into  the 
paper.  The  translucent  spot  should  be  about  an  inch  in  diameter. 
Sometimes  the  gpoi:  in  the  center  is  the  untouched  paper,  and 
the  paraffin  Is  melted  in  a  ring  surrounding  it. 

The  Leeion  Disk.— This  screen  is  of  the  simplest  descrlptlcnt 
also.  A  star  is  cut  out  of  a  piece  of 
heavy  note  paper.  It  is  laid  between 
two  pieces  of  thin  note  paper.  In  use 
the  screen  is  moved  to  such  a  posi- 
tion that  the  star  appears  equally 
bright  on  both  sides  of  the  disk. 

nountlng   the  Disks.— The  disk  or 
screen  should  be  three  or  four  inches 
in  diameter.     It  is  mounted  on  a  block 
of  wood   which  slides   upon  the   bar. 
The   observer   then   looks   first   at   one 
side    and    then    at    the    other,    shitt- 
ing it  back  and  forth  until  the  spot 
nearly  disappears.     It  is  then  receiving 
the  same  amount  of  light  from  both  sources,  and  the  reading  on     J 
the  bar  gives   the  relative  intensity  of  the  lights.    Sometimes  the 
disk  as  shown  in  Fig.  437  is  mounted  between  two  mlrrora,    AB      , 
Is  the  frame  carrying  the  disk,  M  N  and  M'  N'  are  the  two  mir-      I 
rors.     This  enables  the  observer  to   see   both    sides   of   the   disk 
without  moving  bis  head.     A  disk  mounted  in  tbia  way  between 
mirrors  ia  often  carried  in  a  little  car  which  runs  along  the  bar. 
The   center   m   of   the   disk   should   be   on   the   level   of   the   two 
lights  which  are  being  compared,  and  directly  between  them. 

TheLummer-BrodlumScreen.-ln  this  screen  the  otiservatlonB 
are  made  with  a  single  eye,  ellminaUns  \.t  \s,  t\a.\a\'ft4  ^w^-i  iSoam.™. 
of  error  due  to  unequal  sensihiUty  ot  tte  V'n^*  e^«&-    '^^'^  Kvass^^^ 
Fls.  4SS,  represents  the  horizontal  p\aii  ot  toe  w>um».w«" 
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Bupposed  to  be  mounted  on  the  photometer  bar.  C  IndfcateB  the 
Btandard  lamii,  X  the  light  which  Is  being  tested,  S  Is  ao  opaque 
white  screen  of  plaster  of  Paris;  both  sides  are  IllumtDated.  one 
by  each  light,  C  or  X,  At  M  and  N  are  mirrors  which  reflect  the 
tight  to  the  prisms,  the  beams  falling  normallr  or  perpendicularly 
npon  the  face  of  the  prism  receiving  it.  Each  prism  has  a  spherical 


Fio.  43S.— LinniER-IlRODL,UM  Photoubtbb  Schseb. 

face,  and  a  circle  Is  ground  upon  the  center  of  each  face,  one  circle 

being  larger  than  the  other.     When  placed  in  contact,  flat  side 

against  fiat  side,  there  Is  a  circle  of  contact,  surrounded  by  the 

outer  parts  of  the  larger  circle,  which  is  not  in  contact  with  the 

other  prism.     Light  reflected  from  the  mirror  N  passes  through 

the  circle  ot  contact  to  the  observer's  eye  at  the  end  O  of  the 

-'Shtlns  tube      The  circle  ot  cotixaw  s'ao'K?.  ■Ca'*.  ii^etw.  *it  iHu- 

itlon  of  (be  side  of  tVie  screea  S  tac\t.%  e  a.-a&\\^\.^ft.\,'i  w. 

■UOit  from  the  side  ot  tUe^cre^ii  s.ixv^v^^. ■«'««>**»■  ^^ 
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the  mirror  N,  goes  to  the  double  priam  also.  The  portion  of  the 
ceam  which  Impinges  on  the  outer  flat  circle  is  reflected  to  the 
observer's  eye  at  0.  The  observer  therefore  sees  a  circle  through 
which  light  from  C  passes,  surrounded  by  a.  circle  from  which 
light  from  the  screen  S  due  to  X  la  reflected.  If  the  screen  is 
moved  back  and  forth  upon  the  bar,  a  point  will  be  reached  when 
each  side  of  the  screen  will  receive  the  same  intensity  of  light. 
At  this  point  the  central  circle  and  outer  circle  will  appear 
of  equal  brightness.  The  back  of  the  outer  circle  isi  blackened, 
and  total  reflection  of  the  light  falling  on  It  ensues. 

It  is  estimated  that  the  mean  error  of  setting  this  screen  does 
net  exceed  five  per  cent,  and  that  It  is  four  or  five  times  as  ac- 
curate as  the  ordinary  Bunsen  or  LeeBOn  disks. 


Fio.  48B.— Tax  Bar  ob  BnNSKH  PHOTouBTKa- 


The  Standard   English  Candle.— This,  which  la  the  American 

standard  also,  la  a  sperm  candle  burning  120  grains  of  sperm 
per  hour.  It  is  the  commercial  article  made  of  a  mixture  of  wax 
and  sperm,  and  with  a  plaited  wick.  When  In  good  condition  the 
wick  should  bend  over  and  have  a  red  end.  If  It  burns  more 
than  live  per  cent  too  much  or  too  little,  the  readings  are  to 
be  distrusted.  The  standard  candle  in  hot  weather  is  apt  to  burn 
too  much  sperm,  and  give  too  high  a  value  to  the  lamp  which  is 
being  tested.  This  Is  sometimes  overcome  by  putting  the  can- 
dles on  Ice  for  an  hour  before  they  are  used.  At  best.  It  la  so 
very  poor  a  standard  that  the  wonder  Is  that  It  has  so  long  been 

ne  Apparatus.— The  general  aiBBOB.\\.\o^  o^  «■  -eViVwasW^ /« 
abowM  in   the  cut.  Fig.  439.     In  It  Me  a\vo-«^  'Cti.ft  %,V»\««^^^^' 
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with  an  electric  lamp  to  be  tested  at  one  end  of  it  and  the  candles 
at  the  other.  The  box  holding  the  disk  and  mirrors  runs  upon 
wheels  along  the  bar.  The  apparatus  is  contained  in  a  room  with 
blackened  walls.     A  curtain  may  be  used  to  further  inclose  it. 

Calculating  the  Scale  of  the  Bar. — It  would  be  a  simple 
matter  to  use  a  bar  divided  into  inches  and  fractions  of  inches. 
Then  by  placing  the  screen  at  a  distance  where  it  would  be 
equally  illuminated  on  both  sides,  the  distances  of  the  two  lights 
from  it  could  be  squared,  and  their  inverse  ratio  would  give  the 
relative  illuminating  power  as  above.  It  would  be  more  conve- 
nient to  have  the  bar  so  divided  as  to  give  by  its  direct  reading 
the  relative  value  of  the  two  lamps.  This  system  of  dividing  is 
frequently  followed.    It  may  be  done  by  the  following  process: 

Let        1  =  value  of  standard  light  at  one  end  of  bar. 

Let        V  =  value  of  lamp  to  be  tested  at  other  end  of  bar. 

Let  100"  =  length  of  bar. 

Let        X  =  distance  from  1  to  screen. 

Then  100  —  x  =  distance  from  v  to  screen. 

The  light-giving  value  varies  inversely  with  the  square  of  the 
distance;  the  more  powerful  light  gives  an  equal  illumination  at 
a  greater  distance  than  does  the  weaker  one.  This  gives  the 
proportion  and  resulting  equation: 

(100  — ar)' 


V  ::  (100  —  x)""  :  aj^  or  v  = 


x^ 


(100  — ar)2        Z 

Let  V  =  2;  then =  — 

X''  1 

To  obtain  the  place  on  the  bar  where  this  ratio  holds,  the 

o 

sQuare  root  of  both  members  of  the  expression  -~  must  be  ex- 
tracted.   This  gives  li  _  as  the  ratio  in  which  100  inches  must 

be  divided.    It  may  be  done  by  proportion,  thus: 
2.414  :  1.414  : :  100  :  a?  =  58.58  inches. 

Therefore,  at  points  58.58  inches  from  each  end  a  2  is  to  be 
marked  on  the  bar. 

Yext  let  V  =  3,  and  we  Taia^e^^ =  — 


P' 
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The  aquare  root  of  3  is  1,73;  the  ratio  of  parts  of  the  bar  lai^ 
which  by  the  proportion 

2.73   :    1.73   : :    100   :   a;  =  63.37. 
gives  63.37  Inches  as  points  measured  from  right  and  left  ends  of 
the  bar  on  which  the  figure  3  must  be  marked. 

This  is  the  simplest  method  as  regards  the  arithmetic  of  the 
process  by  which  the  division  pan  be  effectually  ettected.  As  exe- 
cuted above,  the  decimals  are  not  carried  out  as  far  as  they  should 
be.  It  is  a.  case  In  which  the  work  should  be  done  by  iogarithms. 
rot  only  for  the  sake  of  expedition,  but  to  avoid  errors  in  the 
operation. 

The  Observation.— The  candles— for  In  modern  practice  two  are 
generally  used  simultaneously  to  give  an  average — are  lighted 
and  allowed  to  burn  some  five  or  ten  minutes.  They  are  placed 
on  a  balance  and  weights  adjusted  so  as  to  make  their  end  of  the 
balanee  beam  a  few  grains  the  heavier.  As  they  burn  they  g^t 
lighter,  and  soon  overbalance.  The  lamp  to  be  tested  is  lighted 
and  a  voltmeter  and  ammeter  are  arranged  tor  reading.  The 
instant  the  candles  overbalance,  the  time  Is  taken  and  written 
down.  The  candles  are  carefully  placed  In  position  at  their  end 
of  the  bar,  and  the  readings  are  taken  every  halt  minute  until 
ten  readings  have  been  taken.  At  exactly  flvemlnutes  from  the  time 
noted,  the  candles  are  carefully  blown  out.  If  the  ends  stay  red, 
they  must  be  bent  down  with  a  pin  until  they  absorb  melted 
sperm,  when  they  will  at  once  expire.  If  the  candles  are  not 
carefully  blown  out,  grease  will  fly  about,  and  the  candles  will 
lose  weight.  The  candles  are  now  weighed,  and  their  percentage 
error  is  deducted  or  added  to  the  average  of  the  photometer  read- 
ings. 

Suppose  the  candles  burned  19.2  grains.  This  is  an  error  of 
four  per  cent,  for  two  candles  In  five  minutes  should  bum  20 
grains  of  sperm.  The  candles  gave  too  little  light  as  they  should 
have  burned  10  grains  in  five  minutes.  Therefore  four  per  cent 
has  to  be  subtracted  from  the  average  reading. 

The  candle  balance  is  often  mountftd.  al  ttift  eTii  ^A'Ot«'wa-t,'eRi 
tMt  the  candles  are  weighed  Uiere,  aui  tveNet  tveai  \» >;^ '^KiSi^'w 
Avm  their  position. 


^ 
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Othet  Standards. — The  French  standard  is  the  Carcel  lamp, 
accurately  defined  as  to  its  dimensions,  and  burning  42  grammes 
of  colza  oil  per  hour.  Many  precautions  to  be  observed  with  the 
Carcel  lamp  have  been  formulated  by  MM.  Dumas  and  RegnauR. 
The  German  standard  is  a  paraflln  candle  burning  with  ^  flame 
of  50  millimeters  (1.98  inches)  height.  The  Munich  standard 
is  a  stearin  candle  consuming  10.4  grammes  of  stearin  per  hour. 
The  Violle  standard,  adopted  by  an  international  conference  of 
electricians,  is  the  light  emitted  by  a  square  centimeter  (0.39=' 
inch)  of  platinum  at  its  temperature  of  solidification.  It  is  not 
adapted  for  ordinary  use,  and  it  is  questionable  if  it  should  ever 
have  been  adopted.  The  Heffner-Alteneck  lamp  is  a  simple  round 
solid-wick  lamp  burning  amyl  acetate  with  a  flame  exactly  1.57 
inches  high  and  regulated  for  each  reading  to  that  height 
The  French  have  another  standard,  the  star  candle,  burning  154 
grains  per  hour. 

Table  of  Photometric  Standards.— The  following  table  gives 
the  relative  values  of  the  more  important  standards  of  light: 

Star   German   English  Hcflfner- 
VioUe       Carcel   candles  candles    candles  Altcneck 

Violle     1.000  2.08  16.1  16.4  18.5  18.9 

Carcel    0.481  1.00         7.75  7.89  8.91  9.08 

Star  candles    0.062  0.130       1.00  1.02  1.15  1.17 

German  candles    ...  0.061  0.127       0.984  1.00  1.13  1.15 

English  candles    ...  0.054  0.112       0.870  0.886  1.00  1.02 

Heffner-Alteneck    ..  0.053  0.114       0.853  0.869  0.98  1.00 

Shadow  Photometer.— If  a  rod  or  bar  is  placed  upright,  and 
two  lights  are  placed  a  few  feet  apart  and  a  few  feet  back  from 
it,  they  will  cast  two  shadows  upon  an  adjacent  wall  or  while 
paper  screen.  The  lights  or  one  of  them  are  moved  back  and 
forth  until  the  shadows  are  of  equal  intensity;  then  the  distance 
of  each  shadow  from  the  lamp  diagonally  placed  with  reference 
to  it  must  be  measured.    The  illuminating  power  of  the  lamps 

win  be  in  inverse  proportioii  to  l\ie\T  eL\^\,^\i^^. 
Suppose  a   lamp  which  was  \)^ms  ^^^^^^  ^^"^  '^'^  Vd.^^'s.  ^t^-^ 

e  shadow  appertaining  to  it,  and  lYve  ^Vv^xv^^x^  ^^t.^\^^^^v 
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inches  from  the  other  shadow.    Then  the  illuminating  powers  of 
candle  to  lamp  are  as  "48=^ :  12^  or  as  16  :  1. 

In  Fig.  440,  E  is  the  lamp  under  trial  with  voltmeter  V  and  am- 
meter A.  It  is  held  on  an  arm  carried  by  the  spring  clip  H.    C  Is 


FiQ.  440.— Shadow  Photometer. 

the  standard  candle  on  a  scale  G  G.     R  is  the  rod  whose  shadows 

from  lamp  and  candle  are  seen  side  by  side  on  the  paper  screen  S. 

This  principle  can  be  applied  roughly  in  the  street  or  elsewhere 


Fig.  441.— Bouguer's  Photometer. 


by  comparing  shadows  thrown  by  two  lamps,  and  pacing  off  or 
measuring  the  distances.    A  gas  lamp  can  l\i\x^  \i^  ^<ycDc^"^\^^  "«\50^ 
an  arc  lamp  with  some  approach  to  accuxaey. 
Bougver's  Photometer.— ThQ  cut.  Fig.  4\1,  €tio^^  ^\^^XXv^^  ^^^- 
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pie  apparatus.  The  two  lights  under  comparison  ar3  placed  on 
opposite  sides  of  an  opaque  screen,  and  illuminate  a  translucent 
one  of  paper  or  ground  glass  placed  at  right  angles  to  the  sep- 
arating one.  When  hoth  halves  appear  equally  illuminated,  the 
distances  from  lights  to  screen  are  measured,  and  the  values  are 
calculated  by  the  law  of  inverse  squares.  The  observer  is  sta- 
tioned on  the  further  side  of  the' translucent  screen. 

Foucault'8  Photometer. — This  is  a  modification  of  the  oue 
just  described.  The  opaque  screen  is  moved  back  until  the  dark 
line  or  band  at  the  junction  of  it  with  the  translucent  screen  dis- 
appears.   The  cut.  Fig.  442,  shows  the  principle.     In  this  way 

the    comparison    of   the   two   divi- 
sions of  the  translucent  screen  is 
much  facilitated. 
Direct    Photometerlns:     of     an 

,       Arc  Lamp  is  not  very  satisfactory, 

^"^'^v^  J      on  account  of  its  richness  in  violet 

rays.  The  standard  against  which 
it  is  tried  gives  a  light  of  a  far 
different  character.    A  very  simple 


-•  and    practically    efficacious    instru- 

TiQ,  442.— FoucAiTLT  Photo-       ment  for  testing  the  relative  quali- 
MBTKR.  ties  of  arc  lights  is  the  luminom- 

eter. 
In  this  instrument  the  human  eye  in  its  every-day  action  of 
reading  is  made  the  measurer  of  the  light.  This  is  very  logical, 
because  the  object  of  artificial  light  is  to  enable  the  eye  to  see,  and 
the  light  may  be  measured  by  the  ability  of  the  eye  to  see  things 
Illuminated  by  the  light  examined. 

The  Luminometer.— It  is  a  box,  Figs.  443  and  444,  containing 

a  card  of  printed  matter.    Two  tubes  open  into  it.    One  receives 

the  light  from  the  lamp.    The  observer  looks  into  the  other,  and 

sees  the  card  illuminated  by  the  light  under  trial.     The  light 

falls  on  it  at  such  an  angle  that  light  is  not  refiected  directly 

into  the  observer's  eyea.    T\ie  d\«»l^.Tic^  ^.t  which  the  card  can  be 

read  is  called  the  luminomel^T  ^\^\ajic^.  ^tVi^^  \^^im^\^.^^^s^'^T5i5J^^^ 

is  determined  by  tMs  dlatauce.   T\i^\.e^\.^VN^^XXi^^x%.^N^RaJ^'^^ 

''(  the  light  tested. 
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Two  features  characterise  this  instrumeDt.  One  is  its  porta- 
bility. It  can  be  talien  anywhere  and  used  in  the  open  street. 
By   using  cards  printed   in   various   sizes  of  type,   it  can   be  ao- 


commodated  t 
appeal 


different  distances.     The  other 
eye.     A  light  Is  produced  to  enable  the  human  eye 
instrument   tests   the   power   of   the   lisht   for   this 


It  !b  the  invention  of  Mr.  W.  D'A.  Ryan,  of  the  General  Electric 
Company. 
Pupillary    Photometer.— The  pupil  of  the  human  eye  expands 


LnHINOHETHIl. 


and  contracts  virtually  under  the  effect  of  varying  Intensity  of 
light.  The  iris,  in  other  words,  acts  like  a  diaphragm  of  a  photo- 
graphic lens,  and  aflorda  a  larger  or  smaller  opening  according 
to  the  light  acting  on  the  retina  of  the  eye.  The  pupillary  photij- 
meter  is  based  on  this  principle.  It  measures  the  diameter  of  the 
pupil  of  the  eye  when  affected  by  different  lights.  This  gives  a 
coefficient  of  intensity  of  the  light. 

Around  the  edge  of  a  disk  a  number  ol  ?ftUa  ol  VoXea  a^^  ■ni'i.ft.ia 
Bear  the  outer  ends  of  the  radii.    The  \iQ\6a  ot  ftte  i\ll(«e,-oS- -««i-"^ 
arr  In  distance  Irom   each   other.     One   paVi:  ot  ^vQ\e*  «.^*  '^'^'J 
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arated  by  a  space  of  0.07  inch.  These  are  the  closest  spaced. 
The  widest  spaced  are  0.38  inch  apart.  A  second  disk  is  pivoted 
over  the  first.  It  has  a  radial  opening,  which  exposes  one  pair  of 
holes  at  a  time.  The  light  to  be  tested  is  looked  at  through  a 
pair  of  holes.  One  pair  after  another  is  tried,  until  a  pair  is 
found  whose  edges  seem  to  touch.  There  is  a  scale  marked  on 
the  screen  with  a  value  for  each  pair  of  holes.  It  gives  the 
diameter  of  the  pupil  which  brings  the  two  holes  apparently  in 
contact.  The  reading  gives  the  relative  brightness  of  the  light, 
on  the  basis  of  the  relative  size  of  the  pupil  of  the  eye.  The 
standard  light  is  first  looked  at,  and  the  holes  which  seem  to 
touch  are  found  for  it.  Then  the  light  to  be  tested  is  examined, 
and  the  corresponding  factor  found  for  it  also. 


FiQ.  445.— Diffraction  Photometer. 

Diffract! ve  Photometer.— In  testing  powerful  lights  a  concave 
lens  is  sometimes  used  to  increase  the  diffraction  of  the  rays  and 
make  it  possible  to  use  a  shorter  bar.  The  cut.  Fig.  445,  illus- 
trates the  principle.  The  light  given  by  the  lamp  E  is  diminished 
by  the  lens  L  in  the  inverse  ratio  of  the  squares  of  A  and  A'. 

Spherical  Candle  Power. — The  electrician  often  takes  a  num- 
ber of  photometric  observations  at  different  angles.     To  do  this 
a  standard  or  rated   incandescent  lamp  is  used  as  a  standard. 
The  value  of  this  is  known  in  candles  when  its  voltage  or  am- 
perage are  at  a  known  value.    The  lamp  to  be  tested  is  mounted 
so  that  it  can  be  rotated  horizontally  or  vertically.     A  number 
of  observations  are  taken  al  an^Xe^  wwHi^^ciXi's.  ia.\A  ^\??^^^<5.  enough 
to  represent   the   surface  ot  ^  ^^^i^^^>  ^^^  ^^^  ^^^^^  ^-^  ^^ 
Observations    gives    tlxe    ^p^crVcaX    c..tv^\-^^-^^- ^    ^^  \^^^  \. 
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mounted   on   a-  support   which   can   be   rotated   In   all   directions, 
■   and   a  number   of   observations   at   many   angles   are   tahen   and 
averaged.     The  horizontal  candle-power  Is  averaged  by  rotating 
the  lamp  rapidly  and  photometering  it  while   In   motion. 

There  are  various  methods  of  averat'lng  the  observations  at 
different  angles.  A  system 
employed  at  the  Paris  Expo- 
sition of  13S1  consists  in  di- 
viding the  surface  of  tbe  im- 
aginary sphere  into  horizontal 
zones.  Tlie  candle-power  is 
determined    for    angle; 


I    the 


■    of 


each  zone.  The^e  candle- 
powers  are  multiplied  by  the 
relative  areas  of  the  zones  to 
whict  they  respectively  be 
long.  The  sum  of  thesf 
products  is  divided  by  4  » to 
get  the  mean  spherical 
candle-power.  The  factor  tx 
is  taken  as  the  area  of  u 
standard  sphere. 

The  cut,  Fig.  446,  shows 
an  apparatus 
spherical  candle-powei 
Incandescent  lamp, 
tamp  Is  mounted  so  as  to  be 
rotated  rapidly  by  an  electric 
motor.     This    gives    an    aver- 


taklng 


The 


age    } 


all    I 


E- Ho  WEI 


and  the  candle  power  i 
mounted  so  that  it  can 
vertical    while    atill    rotating. 


frmined  while  it  rotatea.  It  1b 
lineii  at  various  angles  from  the 
Observations  at  candle-power 
are  taken  while  it  is  in  various  positions,  as  Indicated  on  the 
Bcale  D.  An  average  of  the  olieewatlows  \¥,  \.tfe.e\i.  a.?,  %\-^\%i^'<Si.«. 
candle-power. 
Jt  the  candle-power   Ir    determined   aX  a\lSeTe.Q^.  swJ.^N'^*  ^^  ^^ 
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horizontal  plane,  it  is  generally  enough  to  determine  one  set  of 
vertical-angle  candle-powera — the  candle-powers  at  various  angles 
on  one  meridian.  The  corresponding  candle-powers  on  the  re- 
maining meridians  may  be  calculated  from  the  relations  of  the 
different  candle-powers  on  the  horizontal  plane.  If  the  lamp  is 
rotated  as  described,  the  average  is  given  directly  as  far  as  the 
different  horizontal  angles  are  concerned. 

Candle-powers  of  Incandescent  Lamps.— The  horizontal  candle- 
power  of  an  incandescent  lamp  is  its  maximum,  but  the  ratio  of 
horizontal  to  spherical  varies  greatly  according  to  the  shape  of  the 
filament.  The  table  gives  the  mean  spherical  and  mean  horizontal 
intensity  of  several  incandescent  lamps. 

Mean  Spherical  Mean  Horizontal 

Candle-Power.  Candle-Power. 

Edison  15.49  18.83 

Stanley    13.56  16.54 

Woodhouse  and  Rawson . . .     15.09  19.11 

White    12.44  15.08 

Weston 16.27  *         17.87 

The  candle-power  at  different  vertical  angles  varies  very  greatly. 
The  tip  on  the  top  of  the  bulb  diffracts  light,  and  reduces  the 
vertical  candle-power  at  that  end,  while  the  base  of  the  lamp 
reduces  it  to  zero  at  the  other  end.  It  will  be  sufficient  to  give 
a  set  of  candle-powers  for  an  Edison  lamp  taken  at  vertical  angles 
of  0°,  30°,  60°,  and  90°  all  around  the  lamp.  0°  gives  the  hori- 
zontal plane. 

0°,  16.70;     30°,  15.02;     60°,    9.54;     90°,    3.57;  120°,    8.25; 

150°,  14.96;  180°,  16.82;  210°,  14.84;  240°,  9.07;  270°,  0.00; 

300°,  9.84;  330°,  15.06. 

The  Photometry  of  the  Arc  Lamp  is  far  from,  satisfactory. 
The  carbons  are  never  perfectly  homogeneous,  are  almost  certain 
to  be  a  little  out  of  center,  and  this  causes  the  horizontal  candle- 
powers  to  vary  greatly.  After  burning  a  little  while,  carbons  are 
apt  to  bend  a  little,  which  throws  the  ends  out  of  line  with  each 
other.  The  candle-power  in  one  ^iTecWoTi  wl  \X\fc  VotSaiwaLtal  plane 
may  be  twice  or  three  times  as  g.xe^\.  ^.^  vsi  Wv^  ^X^^^.  '^Xsa^^^- 
um    caodle-power    is   iound  x^an^    ^^^^^^^  ^^^^^^^  ^-^^^  x^^ 
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horizontal.  This  varies  far  less  at  different  meridians  than  does 
the  horizontal  candle-power. 

The  variations  at  vertical  angles  are  very  great.  A  direct- 
current  arc  gave  the  following  candle-powers  at  different  vertical 
angles: 

Above  the  horizontal,  60'',  48;  30**,  110. 

At  the  horizontal,  0°,  208. 

Below  the  horizontal,  10^  401;  20°,  612;  30%  871;  40%  1,000;  50% 
807;   60%  457;   70%<  188. 

As  arc  lamps  are  used,  the  mean  spherical  candle  power  is  of 
little  importance,  and  it  is  not  often  determined.  It  is  a  laborious 
operation,  as  the  great  irregularity  of  the  distribution  of  light 
requires  a  large  number  of  observations  at  small  angular  distances 
from  each  other.  A  short  road  to  the  result  is  that  proposed  at 
the  Paris  Electrical  Exposition  of  1881.  The  average  horizontal, 
candle-power  is  divided  by  2  and  added  to  the  maximum  candle- 
power  divided  by  4.  The  sum  is  taken  as  the  spherical  candle- 
power. 

Thus  a  Brush  arc  lamp  gave  a  mean  horizontal  candle-power  of 
909  candle-power;  a  maximum  candle-power  of  4651  candles; 
and  a  spherical  candle-power  as  calculated,  1776  candles;  and 
spherical  candle-power  by  observation,  1675  candles. 

The    formula   reads    thus: 

«      H      M 

in  which  S  is  the  spherical  candle-power,  H  is  the  average  hori- 
zontal candle-power,  and  M  is  the  maximum  candle-power.  From 
a  number  of  observations  it  is  found  that  the  formula  gives  an 
error  of  1  to  14  per  cent. 

Mechanical  Equivalent  of  Light.— Light  is  the  action  of  cer- 
tain ether  waves  upon  the  retina  of  the  eye.  If  light  is  decom- 
I  osed  by  means  of  the  prism,  the  visible  spectrum  will  be  em- 
braced within  relatively  narrow  limits.  The  violet  end  of  the 
spectrum  has  its  color  produced  by  the  shortest  waves  that  affect 
the  eye.  A  musician  would  say  that  violet  was  a  very  h\^\v  \sft\ft., 
or  at  the  top  of  the  scale.  Beyond  tYve  N\o\e\,  \Xi«t^  "a.^^  ^"ssr^^eje* 
which  are  so  short  that  the  eye  does  not  take  eo^^ViA.\ic^  ^^"^  K}as:«^ 
These  rays  act  with  great  energy  on  ctiemicaV  a^e\i\.«.  ^^^^^  ^"^^  ^"^ 
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of  silver.  A  photograph  can  be  taken  by  means  of  them.  If 
separated  from  the  other  rays,  they  would  enable  a  photograph 
to  be  taken  in  a  dark  room. 

Going  to  the  other  end  of  the  spectrum,  the  red  appears  due 
to  relatively  long  waves  or  high  heating  power.  Below  the  red 
is  a  long  stretch  of  spectrum  quite  invisible,  but  producing  heat. 
By  a  sensitive  thermometric  apparatus  the  spectrum  can  be  fol- 
lowed out  a  long  distance  below  the  scale  of  visibility. 

A  micron  is  about  one  twenty- five-millionth  of  an  inch  or  one 
one-millionth  of  a  millimeter.  The  shortest  wave  length  of  vis- 
ible light  is  0.360  micron  for  normal  eyes.  Dark  red  light  has  a 
wave  length  of  0.810  micron,  and  1.000  micron  is  the  utmost  range 
of  visible  light.  This  is  a  range  of  0.640  micron,  within  which  all 
visible  rays  must  lie.  Above  this  range  is  the  ray  of  invisible 
actinic  radiation,  "invisible  light"  it  is  sometimes  paradoxically 
called,  due  to  the  spectrum  of  radiations  less  than  0.185  micron 
long.  Below  the  spectrum  we  have  heat  radiations,  due  to  waves 
less  than  30  microns  long.  Thus  without  Including  Hertz  waves 
it  appears  that  in  a  range  of  nearly  30  microns  only  0.640  micron 
is  visible,  or  in  decimals  0.021  of  the  entire  scale  of  naturally-pro- 
duced ether  waves. 

Light  being  a  physiological  effect  of  a  natural  cause  can  hardly 
be  said  to  possess  a  mechanical  equivalent.  Yet  if  we  determined 
the  mechanical  equivalent  of  the  entire  radiations  of  a  given 
spectrum,  and  subtracted  therefrom  the  proportion  which  was  ob- 
scure, we  would  obtain  a  figure  that  might  be  taken  as  the  me- 
chanical equivalent  of  light.  This  has  been  done.  The  total 
energy  of  the  rays  from  a  source  of  light  was  determined  by  an 
air  thermometer.  The  air  expanded  under  the  influence  of  the 
total  heat  received.  The  luminous  rays  were  screened  out  by  a 
dark  solution,  such  as  one  of  iodine,  and  the  heat  imparted  by 
the  invisible  rays  was  determined.  A  thermo-electric  pile  was 
employed  for  this.  The  experiment  by  Tumlirz  is  described  in 
Wiedemann's  Annalen. 

He  found  that  the  light  given  by  the  Heffner-Alteneck  lamp, 
^hich   is   0.98   standard  canOiVe,  ^a&  ^.^^^'ciV  ^^TSiswb  ^^"^o.^  C. 
orie  per  second,  or  151,^00  exga  ^^t  ^^cto^^.  'TOva.  ^^^^^^^-^^^ 

3  energy  rate  of  a  euxxeut  ol  ^A.m  ^m^^^^  x>^x^x.^^^^ 
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aistance  of  1  ohm.  By  Ohm's  law  E  ^  HI.  Thfa  gives  a  voltage 
of  0.1226  volt.  The  electric  energy  is  0.1226  X  0.1226  =  0.0150 
voR-ampere,  or  watt. 

The  pupil  of  the  eye  covers  a  very  small  portion  of  the  spherical 
area  of  illumination.  If  the  eye  were  1  meter  (39.3T  inches)  from 
the  light,  and  if  Its  pupil  were  3  millimeters  (O.llS  inch)  diam- 
eter, the  light  it  would  receive  on  the  above  basis  would  require 
a  year  and  89  days  to  raise  1  gramme  (15.403  grains)  of  water 
1°  C.  or  1.8°  P. 

If  the  physiological  aspect  of  the  subject  Is  dropped  the  above 
may  be  talien  as  of  value  It  gives  with  reasonable  closeness  the 
mechanical  equivaltnt  of  rajs  which  affect  the  human  eie 

Thp  mechanical  energy  expended  bj  a  source  of  light  may  ba 

I       divided  by  the  units  of  light  which  It  gives      The  quotient  is  a 

practical   fi^re   expreasing  the   relative   economy   of   th.e   source 

of  light  and  this  figure  is  sometimes  Incorrectly  called  the  mecti- 

anii-al   equivalent  of  light 

Thu?  a  16  candle  power  kerosene  lamp  was  found  to  burn 
oil  enough  to  represent  37  calories  per  hour  per  candle  This 
gives  *38  b  meg  ergs  per  second,  a  rate  of  energy  equal  to  42  8 
watts  A  gas  burner  required  b8  8  watts  per  candle-power  An 
vncandew  ent  lamp  Is  generallj  allowed  3  B  watts  per  candle  power 
The  arc  lamp  may  go  as  low  as  O.S  watt. 

The  light  of  the  Bpectrnm  Is  due  to  ether  waves  succeeding 
each  other  approximately  between  4  X  10"  and  7  X  10"  ttmea  per 
second.  In  a  second  they  travel  about  180,000  miles.  If  we  divide 
this  by  the  number  of  waves  per  second  of  any  given  light, 
we  shall  obtain  as  quotient  tlie  length  of  such  wave.  As,  roughly 
speaking,  light  (ravels  a  llltle  over  10"  inches  per  second,  the  quo- 
tient of  10"  -^  10"  would  be  one  1/1000  of  an  inch.  On  Ihe  baalE 
of  4  X  10"  waves  per  second,  such  wave  would  be  about  1/400Q 
(      inch  long. 

Wattfl  per  Candle-Power  In  Arc  Light.— The  watts  per  candle- 
power  for  direct-current  arc  lamps  vary  from  0.60  to  1.13  wattsj 
for  alternating-current  arc  lamys.  from  1.13  to  1.80  watts.     As  an. 
Int eres tins' examp/e  of  the  practice  ot  some  vea.tae.^.QA'a^^^^*'*^" 
kate  candle  may  be  cited.     At  200  candle*  \\,  -asei  1,%'i  -«».V^»  vs^ 
cj^nd/e.  and  at  500  candles   1.81   wattB  pet  caB&\fc. 
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Watts  per  Candle-Power  In  Incandescent  Lamp.— In  incan- 
descent lamps  at  high  eflaciency  2.5  wafts  may  be  absorbed  per 
candle-power.  Lamps  run  at  this  efficiency  soon  break  down.  A 
low  efficiency  is  3.5  watts,  when  the  light  given  is  expensive  with 
regard  to  the  power  absorbed.  The  mean  figure  of  3  watts  to  the 
candle-power  represents  good  average  practice. 

Quality    of   Arc    Light. — The  diagram,  Fig.   447,  taken  from 
Abney ,  shows  the  proportions  of  the  different  rays  "of  the  spectrum 
in  gas,  arc,  and  sunlight.    The  curve  of  gaslight  may  be  taken  ^ 
as  practically  that  of  the  incandescent  carbon-film  electric  lamp. 
To  obtain  a  light  pleasing  to  the  eye,  too  much  of  the  light  of  the 


IT.  I 


G  H 

Violet 

Fig.  447.-<2nALinES  of  Diffebent  Lights. 

violet  end  of  the  spectrum  should  not  be  present.  The  sun  may 
be  taken  as  giving  the  mixture  which  it  should  be  the  object  of 
the  engineer  to  imitate  in  producing  artificial  light.  The  arc's 
light,  it  will  be  seen,  approaches  closely  to  the  composition  of 
the  light  of  the  sun. 

A  convenient  way  to  remember  the  succession  of  colors  in  the 
spectrum  is  by  the  combination  mhgyor,  indicating  violet,  indigo, 
blue,  green,  yellow,  orange,  red.  Lithium  chloride  gives  a  bril- 
liant red  light  when  a  wire  dipped  into  it  is  held  in  an  alco- 
hol or  Bunsen-burner  flame.  Copper  gives  a  green,  salt  a  yellow 
Ugbt  The  rays  of  sIiotI  ^ave  length,  such  as  violet,  are  not 
isily  produced  except  wYieu  aecom^^wx^^  >or3  ^XJs^^-^  ^-3^.    The 

ture  of  light  of  all  colors  s^es  ^\i\\.^  \\^^^^^  -^VK^  >s.  ^\^^^8. 
«  by  mankind  for  lUumVualVou. 
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In  pliotometerlng  arc  lamps,  as  we  have  seen,  values  widely 
differing  are  found  at  different  vertical  angles.  These  values  for  a 
given  lamp,  with,  specific  qarhons,  current,  and  other  factors,  are 
reasonably  constant  The  horfsontal  angle  shouli!  make  no  differ- 
ence if  the  lamp  works  perfectly.  But  Invariably  the  departure 
from  centering  of  the  arc  shifts  the  hottest  point  of  the  carbon 
to  one  side,  so  that  in  practice  a  difference  may  alwaya  be  antlci- 

Arc  lamps  have  received  a  sort  of  trade  valuation — that  of 
2,000  candles.  This  has  Song  been  recognized  as  grossly  inaccu- 
rate and  in  excess  of  the  truth.  The  so-called  2. 00 0-can die-power 
lamp  is  one  of  standard  size  using  less  than  500  watts.  The 
present  standard  is  10  amperes  and  48  volts,  or  480  watts.  From 
such  a  lamp  by  manipulation  at  the  photometer  1.700  or  1,800 
candle-power  can  be  obtained  as  a  maximum.  The  average  ntazt- 
mum  candle-power  for  a  direct-current  lamp  at  a  vertical  angle 
of  45°  is  about  1.250  candles. 

The  alternating-current  lamp  dletrlbutea  its  light  symmetric- 
ally above  and  below  the  horizontal  plane.  The  direct-current 
lamp  distributes  its  light  principally  below  the  horizontal  plane. 
There  la  a  distinction  between  open-arc  and  inclosed-are  practice. 
The  open-arc  lamp  works  with  its  carbons  much  closer  together 
than  does  the  inclosed  arc.  As  we  have  seen,  about  85  per  cent 
of  the  light  comes  from  the  crater  In  the  positive  carbons  in  direct- 
current  lamps.  In  alternating  current.  95  per  cent  comes  from 
the  carbons.  The  adjustment  of  the  carbons,  if  varied  by  the 
smallest  amount,  changes  the  distribution  of  the  light.     The  arc  | 

is  about  one-eighth  inch  long,    A  small  fraction  of  an  inch  makes 
a  considerable  difference  in  so  short  a  distance.  i 

The  inclosed  arc  Is  produced  between  carbons  which  are  consid- 
erably farther  apart.  The  slight  changes  In  feed  are  referable 
to  a  longer  distance,  and  hence  aifect  the  arc  less  In  proportion 
than  for  the  shorter-distanced  carbons  in  the  open-are  lamp.   The  , 

carbons  in  the  inclosed  arc  iDum  with  flat  ends.    The  arc  travels  ( 

about  between  the  disk-shaped  ends  of  the  carbons.     The  arc  l^  I 

open-arc  lamps  also  shifts  al)out,  but  ita  TOO\%:tG«nVa  «.'&.^«.  'Cft.ft 
distribution  of  the  light  much  more.  Flgs-  ^^*  ^■^*-  "^^"^  ^^'^'^ 
results  from  photometry    of  open-arc    p.i;A    tocVoaaa-w^  \Kas3»-j, 

k.  i 
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The  distances  from  center  ot  carbon  space  to  the  curves  give  the 
relative  values  of  the  candle-power  at  different  vertical  angles. 
o(  the  candle-power  at  different  vertical  angles. 

The  long  arc  diminishes  the  screening  effect  ot  the  lower  carbon. 
If  carbons  are  ted  close  to  each  other,  the  lower  one  will  cut  off 
part  of  the  light  which  would  otherwise  reach  the  ground. 


FlO.  HS.—DlBTRIBIITTON 


Distribution  of  Light  from  Arc  Lamps  In  Service.— The  illne- 
trations,  Figs.  448  and  449,  show  the  distribution  of  light  in  tlie 
vertical  plane  from  arc  lamps.  The  curve  A  in  both  diagrains 
gives  the  distribution  oE  light  from  an  open-arc  lamp  using  9.6 
amperes  of  direct  current.  Qt  W&'a  \\\w[ama.i.\i\¥,  vs«m  u 
Mmp,  Jt  rapfdly  drops  oH.  Tte  cmv)«  ft  "a.  V  ' 
e  light  from  an  inc\08ed-Mc  \i.mij  ^^^\^^  ^-^  «^^^  ^ 
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).     The  distribution  of  light  is  far  evener  than  in  the 
case  first  cited.     The  curve  C  corresponds  to  the  light  from  an 
incloaed-arc  lamp  using  7.5  amperes  of  alternating  current     The 
diagrams  are  so  fully  marked  as 
to  be  virtually  selt-explanatory. 
We    are    Indebted    for    them    to 
the  General  Electric  Company. 

DIstrlbutloD  of  Light  from 
Incandescent  Lamps.— The  light 
given  by  incandescent  lamps  In 
different  directions  varies  great- 
ly. The  single-loop  filament 
gives  the  most  irregular  distri- 
bution, varying  from  an  average 
for  the  horizontal  plane  of  16 
candles  down  to  5.7  candles 
from  the  tip.  The  small  quan- 
tity of  light  given  from  the  tip 
is  due  largely  to  the  glass  tip 
or  point  refracting  the  light  in 
all  directions,  which  falls  upon 
It.  A  lamp  whose  filament  has 
two  turns  in  it  gives  a  much 
evener  distribution  from  16 
candle"!  down  to  10  candles 

It  IS  not  of  great  importance  to  have  even  dlstrUiution  of  light, 
because  the  lamp  can  be  adjusted  to  give  the  most  favorable  as- 
ppct  to  the  reader  or  user  of  It  and  because  incandescent  lampB 
are  so  often  pnt  in  clusters    which  tends  to  even  matters. 


CHAPTER    XXXIV. 

THE  ELECTRIC  RAILWAY. 

The  Electric-Car  ilotor  is  constructed  with  a  view  to  pro- 
tection from  mud  and  water.  It  is  accordingly  inclosed  in  an 
iron  case,  and  this  case  is  used  as  part  of  the  field  magnet.  From 
its  interior  the  poles  project  inward,  and  field  coils  are  placed  on 
these  poles.  A  drum  armature  revolves  inside  the  case.  On  the 
end  of  the  armature  shaft  a  pinion  is  mounted.  This  gears  into 
a  large  gear  wheel  on  the  driving  axle  of  the  car.  j 

Such  is  the  general  outline  of  the  trolley-car  motor  as  noir    1 
constructed.  | 

Standard  Voltage  and  Allowable  Temperatiire. — The  trolley  'i 
systems  have  a  standard  voltage  of  500  volts.  The  motor  capacity  ■ 
is  rated  as  horse-power,  which  refers  to  the  power  it  can  develop  | 
without  getting  overheated.  The  temperature  of  167**  F.  (98°  C.) 
is  considered  a  sort  of  standard  allowable  rise  of  temperature. 
Motors  are  often  rated  on  the  power  which  can  be  developed 
continuously  for  an  hour  with  a  rise  of  temperature  of  167°  F. 
( dS"*  C).  This  rise  is  generally  based  on  an  atmospheric  temper- 
ature of  45°  F.  (7  C.)  as  a  starting  point,  thus  giving  the  tem- 
perature of  boiling  water  as  the  allowable  temperature  of  a  mo- 
tor. 

In  practice  the  motor  is  cooled  to  a  considerable  extent  by 
the  motion  through  the  air.  It  is  thought  that  this  is  good  for 
about  20=  F.     (11"  C.)   reduction  from  the  above  figures. 

Cause  of  Motor  Heating. — The  heating  of  a  motor  indicates 
core  loss  and  copper  loss.  The  first-named  source  is  caused 
by  eddy  currents,  and  varies  principally  with  the  voltage. 

The  Copper  Loss  is  i\ie  \i^2A.vci?>  ot  the  wires  by  the  current 
passins:  through  them.  T\ie  Xve^Wsi^  ^^^^"^  ^"^  ^  ^swtobX. -wries 
with  rhe  energy-  rate  or  ^'\x.\i  ^>^^  No\v^m^^x^>  ^^  ^^vxs. 
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We  have  as  the  formula  for  watts  I  B,  and  by  Ohm's  law 

E  =  RI 
and  substituting  for  E  this  value  we  have 

Watts  =  I  E  =  R  I''. 

This  states  that  with  constant  resistance  the  watts  absorbed 
by  a  conductor  vary  with  the  square  of  the  current,  and  therefore 
the  heat  developed  varies  with  the  same. 

The  copper  loss  is  determined  from  the  current  Intensity  and 
varies  with  the  square  of  the  current,  and  for  a  continuous  current 
the  practical  determination  is  easily  made  by  running  the  motor 
and  ascertaining  its  heating  under  different  loads.  A  thermom- 
eter gives  the  temperature.  This  is  very  simple;  but  when  vary- 
ing currents  are  in  question,  the  diflBculty  of  reaching  a  conclu- 
sion as  to  the  permissible  average  current  is  considerable.  The 
heating  effect  varying  with  the  square  of  the  current,  a  mo- 
mentary increase  of  current  produces  far  more  than  its  direct 
proportion  of  heat.  Suppose  the  current  doubled  for  a  few 
seconds.  During  that  period  it  is  developing  four  times  the 
heat  it  did  at  the  lower  rate. 

The  heat  developed  by  an  irregular  current  varies  with  the 
mean  square  of  the  current.  The  greatest  allowable  average  cur- 
rent is  equal  to  the  square  root  of  the  mean  square  of  the  current. 
It  is  estimated  that  this  quantity  for  ordinary  street-car  service 
will  be  about  35  per  cent  greater  than  the  average  current. 

Thus,  if  a  motor  could  without  overheating  pass  a  steady  cur- 
rent of  50  amperes,  it  could  pass  approximately  an  average  cur- 
rent of  38  amperes  under  the  conditions  obtaining  fn  street-car 
service  as  assumed  under  the  above  estimate. 

This  would  be  a  most  valuable  figure,  were  it  not  that  it  ap- 
plies only  to  an  estimated  condition  of  a  particular  service.    Ac- 
curacy can  only  be  reached  by  a  determination  of  the  average 
current  for  each  specific  case.     To  determine  average  current, 
the  ammeter  should  be  put  in  series  with  a  single  motor,  where 
the  series-parallel  system  is  used.    Where  this  system  is  in  use, 
the  current  per  motor  is  generally  a  good  deal  iu  «xr.^^'s»  c^tXsaX^ 
the  total  current    The  reason  is  that  w\iei\.  \}[ie  Taolo^^  ^'^'^  \fVbX.Nsv 
series,  each  one  takes  the  total  current. 
Determining   the    Heating    of    Motors.— T\i\«»   m^.^  "^^   ^"^^ 
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roughly  by  the  use  of  thermometers  on  the  outside  of  the  coils. 
Another  more  satisfactory  way  is  by  determination  of  resistance 
before  and  after  a  run.  The  resistance  of  copper  varies  as  the 
temperature  varies,  and  from  a  table  of  resistance  changes  due 
to  temperature  changes,  the  heat  to  which  the  conductors  are 
subjected  can  be  calculated. 

Conditions  Causing  Heating.— An  insulating  material  which 
is  an  especially  poor  conductor  of  heat  and  lack  of  ventilation  of 
the  armature  cause  high  temperature  in  motor  windings. 

Horse-Power  of  Car  ilotors, — A  fair  allowance  of  tractive 
power  for  average  conditions  is  about  20  pounds  per  ton 
weight  on  a  level,  with  an  addition  of  20  pounds  for  each  per 
cent  increase  of  grade.  Within  reasonable  limits  of  speed  these 
figures  do  not  change  greatly.  A  spring  balance  placed  as  a 
coupling  between  a  motor  car  and  a  trailer  would  indicate  on  » 
level  ground  a  pull  of  about  200  pounds  if  the  trailer  weighed  10 
tons.  Horse-power  varies  with  the  product  of  force  by  space  tra- 
versed per  second.  The  horsepower  with  approximately  con- 
stant tractive  effort  would  vary  approximately  with  the  speed. 
If  the  speed  of  a  moving  car  and  its  traction  in  pounds  are 
known,  the  horse-power  can  be  calculated. 

A  horse-power  is  550  feet  per  second  multiplied  by  one  pound, 

which  'is    1,980,000    feet    per    hour    multiplied    by    one    pound. 

(1,980,000  =  550  X  3,600;  3,600  =  the  seconds  in  one  hour.)    This 

can  be  put  thus  for  a  car  in  motion: 

Feet  per  hour  X  Traction  in  pounds 

Horse-power  = 

1,980,000 

There  are  5,280  feet  in  one  mile,  therefore 

Feet  per  hour  =  miles  per  hour  X  5,280. 
Substituting  this  value  in  the  last  formula,  we  have: 

Miles  per  hour  X  5,280  X  Traction  in  Pounds 


Horse-power  =: 


1,980,000 
Dividing  both  numbers  by  5,280,  we  have: 

MUes  i^er  hour  X  Traction  in  pounds 


Horse-power  = 


Suppose  a  20-toii  car  is  goms  ^3L^  ^  '^^^^  ^'^^'^  ^^^^^  ^\. Y^  ^«^'«^ 
an  Hour.     The  traction  on  lYie  \e^^\  ?.^^^^  ^^  ^^  ^^^^^^  ^^  ^'^^^^ 
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would  be  400  pounds.    Allowing  20  pounds  more  traction  per  ton 

per  each  per  cent  of  grade,  the  traction  on  a  2  per  cent  grade 

would  be  1,200  pounds.    The  formula  is  now  applicable. 

16  miles  per  hour  X  1,200  pounds  traction 

Horse-power  = ^- 

375 

giving  512  horse-power. 

Traction  Table.— The  table,  Fig.  450,  gives  traction  data.  The 
central  column  of  figures  gives  the  tractive  effort.  Car  weights 
are  given  at  the  bottom  on  the  left.  The  vertical  line  rising  from 
any  given  car  weight  intersects  the  lines  of  grades.  If  from 
any  such  intersection  the  horizontal  line  is  followed  to  the  right, 
it  will  give  the  tractive  effort  to  move  a  car  of  that  weight  up 
the  grade  in  question.  Thus,  a  20-ton  car  on  a  10  per  cent  grade 
will  require  a  little  over  4,300  pounds  traction,  or  drawbar  pull 
if  it  were  a  case  of  towing. 

On  the  right  hand  is  given  horse-power  at  given  traction  and 
speed.  Thus,  taking  any  given  traction  and  following  out  the 
horizontal  line,  it  intersects  different  speed  lines.  If  from  any 
intersection  the  vertical  line  is  followed  down  to  the  base,  it 
will  give  the  horse-power.  Taking  4,300  pounds  traction  of  the 
last  example  at  10  miles  an  hour,  the  vertical  line  from  its  inter- 
section with  the  10-mile-an-hour  line  leads  to  about  115  horse- 
power. 

Construction  of  Electric- Car  flotor. — The  general  features  of 
a  standard  railway  motor  may  be  thus  summarized: 

There  are  four  field  poles  projecting  radially  inward  from  the 
iron  case,  which  constitutes  in  itself  a  portion  of  the  field  mag- 
nets corresponding  to  the  yokes.  The  yoke  or  case  Is  of  steel 
casting;  the  projecting  poles  are  of  laminated  iron  or  disks.  These 
are  fastened  together,  and  are  cast  into  the  yoke.  The  yoke  is 
made  in  halves,  hinged  at  the  side  parallel  to  the  car  axle,  so  that 
the  case  can  be  opened  like  a  box.  The  field  is  shown  in  Fig. 
451,  opened  with  the  poles  projecting  as  described. 

The  field  coils  are  wound  upon  molds  in  a  lathe,  and  are  in- 
sulated  with  mica  and  tuUer  \ioaT<i.    Each  coil  is  solidly  made, 
"Qcf  slips  over  a  pole  piece.    Ca.^!  \ixa^^  ^\^c-^^  Xi^WaWxi  XJwei  ^Qka 
Id  each  coil  in  place.    Two  ^e\^  eoW^  a^^  qt^  ^q\^^  Vo. sjs^^ >q.^^x 
'  of  the  case.    Their  lermma\^  v.t^  ^o\^^^^^  ^^  v^^x^x^x.^ ^k^^ 
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pieces  several  feet  long,  to  keep  them  out  of  the  way  of  the 
brush  holders.  The  coils  in  the  lower  half  of  the  case  have  me- 
tallic terminals. 

A  slotted  drum  armature  of  disk  or  laminated  structure  is  used. 
Holes  are  made  through  the  assemblage  of  disks  to  secure  ventila- 
tion, in  order  1o  keep  down  the  temperature.  A  low  temperature 
condvicea  not  only  to  higher  power  capacity,  but  to  efficiency  and 
to  security  from  Injury.  The  winding  ,of  the  coils  1b  c 
to  secure  ventilation.  Three  coils  are  wound  together  and  ai 
sulated  In  a  casing,  which  is  then  placed  in  the  slot  in  the  a 
lure.     No  bending  or  hammBrlng  into  place  is  needed  or 


Fio.  lol.— Cab  Motor  Field 


Steel  binding  wires,  themselves  sunk  into  grooves  running  around 
the  armature  at  right  angles  to  the  conductor  grooves,  hold  the 
armature  coils  in  place.  The  imbedding  of  these  wires  prevents 
them  from  cutting  if  the  armature  should  become  so  hadly  dis- 
placed as  to  strike  the  field  poles. 

The  commutator  is  of  the  regular  mica- in  sulated  type.     The      I 
brush  holders  are  fastened  to  the  upper  'qtiU  ot  "Aift  t?,s». 
TJie  armature  sb&tt  carries  a  forged  alee\  ^VaVo-a..    TiVi*  'SotN* 
lato  a  caat-steel  gear  wheel  on  the  dr\vi.ng  a.x\fe  ot  *«  '^'*-'^-  "^"^^ 
ard  sear  ratios  are  68   to   24    64   to   18    atiA  &%  '^o  '^''-    ■^■^■i'«» 
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Hucli  that  Ihe  teeth  will  constanliy  change  in  relation,  the  s 
teeth  coming  together  but  seldom  aa  the  fiears  rotate. 

A  large  air  gap  is  allowed  between  field  poles  and  armature. 
This,  although  disadvantageous  from  the  point  of  view  ot  the 
permeance  of  the  magnetic  circuit,  minimizes  the  effects  ir  the 
armature  should  get  out  of  center.  One  of  such  effects  is  a  strong 
side  pull  exerted  by  the  neareai  pole  or  poles.    If  the  air  gap  ii 


i 


large,  a  given  displacement,  a  tenth  of  an  Ineb  for  instance,  Ib  | 

inucti  less  proportionately  than  It  would  he  with  a  small  air 

If  the  air  gap  were  one-tenth  of  an  inch,  such  displacement  n 

be  termed  100  per  cent:  if  the  air  gap  were  half  an  inch.  It  woald    ; 

be  only  20  per  cent  on  l\ie  same  \iaava. 

^  typical  car  motor  wltb  tUe  aeV\  o^ea^^ft.  \t  ^<^-«^^a"«^Jt.« 

ftch    Boxes    and  CUcuXt.  BreakM.-^^^   < 

jrpole  connection  goes  6rat  1 


.•«\\.t"o.  "iiW^ea.  a 
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form  on  the  under  aide  of  tte  projecting  roof  or  canopy.  There  Is 
another  of  these  switches  at  the  other  end  of  the  car,  and  the 
two  are  in  series  with  eaci  other.  The  current  enters  hy  one 
switch,  goes  through  it,  and  a  conducting  wire  leads  to  the  other 
switch,  and  from  !t  the  current  is  led  to  a  fuse  tox  or  mechanical 
circuit  breaker  The  two  switches  are  called  canopy  switches 
main  motor  switches.  au\illary  or  overhead  switches  There  is 
generally  an  electro- magnet  In  the  switch  hox  which  prevents 
any  arc  from  forming  whpn  the  switch  is  opened  The  magnet 
repels  the  arc  and  puts  it  out  as  a  draft  of  air  puts  out  a  aadle 
although  on  widely  different  principles  It  is  called  a  blowout 
magnet  or  magnet  coil 

Lightning  Arresters  ^After  passing  thp  circuit  breaker  or  else 
the  fuiie  box  if  su  h  Js  used    the  lightning  arrester  is  reached 

The  old  lightning  arrester  consisted  of  two  plates  with  saw 
teeth  secured  so  that  tooth  faced  tooth  at  a  small  distance     The 
circuit  to  be  protected  ha    one  of  itb  leads  attached  to  one  of  the 
plates  and  thence  goes  on  its  regular  course     The  other  plate  is         I 
grounded      If  lightning  enters  the  system   it  easily  brpaks  across  ' 

the  air  gap  and  goes  to  earth  before  it  reaches  the  controller   dy  I 

namo  or  other  applianceis  Lightning  has  such  high  potential 
that  ohmic  resistance  means  little  to  it      But  It  is  of  oscillatory  I 

character  and  a  relatively  slight  Inductance  will  resist  its  passage         I 
strong!}       In  the  course  of  the  circuit  as  it  leaves  the  lightning  I 

arrestPr  a  choke  coil  is  placed      Thli  is  of  slight  ohmic  resistance  I 

and  has  a  negligible  effect  on  the  working  current  of  the  system  | 

When  lightning  enters  the  circuit    tbl     acts  by  its  inductance  to  I 

hold  it  back  and  to  force  It  to  the  earth  over  the  gap  in  the  light  j 

ning  arrester  , 

Another  lightning  arrester  has  two  carbon  terminals  with 
their  ends  close  together  but  not  touching  The  ligl  tning  gap 
is  at  this  point  If  lightning  strikes  the  circuit  it  springs  across 
the  gap  and  goes  to  the  earth  A  coll  of  wire  surrounds  tho  upier 
pnd  of  one  of  the  carbons  and  extends  some  distance  above  it 
Within  Ihe  toil  is  an  armature  Uing  looselv  m  it  It  the  a.'i'aia. 
ture  if  raliel  the  circuit  is  broken  If  the  ■ma.Ui  cwvreiA.  WiVs-k'- 
tAe  Lour-ie  Of  the  ligbtning  it  excitea  the  ciciW  ott-fi.  ftva  KraMn^^vw*- 
sj,rJns   up    TbiB  bresjts  the  circuit  an*  ftie  kic  \a  4sa««?«*-  '^'^ 
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the  armature  dropping  back  to  its  place,  the  current  goes  on  its 
regular  course.    Other  lightning  arresters  are  described  elsewhere. 

Controllers. — The  speed  of  rotation  of  a  street-car  motor  and 
coincidently  the  speed  of  the  car  is  regulated  by  giving  it  more 
or  less  power.  The  volts  of  potential  difference  which  produce 
a  current  through  the  car  connections  and  wiring  are  constant  as 
near  as  may  be.  There  are  in  modern  practice  always  two  or  four 
motors  in  a  car.  For  low  power  the  voltage  which  acts  upon 
each  motor  or  pair  of  motors  is  reduced  to  less  than  half  that  of 
the  circuit.  For  high  power  each  motor  or  pair  of  motors  is 
given  the  entire  voltage  of  the  circuit. 

There  are  several  controllers  in  use,  the  Westinghouse  and  the 
General  Electric  Company's  being  very  extensively  employed. 
The  general  principle  is  the  following: 

A  vertical  shaft  is  mounted  in  a  case,  generally  placed  against 
the  dashboard  of  the  car.  The  case  is  of  sheet  iron,  approximately 
semi-cylindrical  in  shape,  with  a  door  which  opens  its  entire 
height.  The  shaft  is  square  on  top,  and  a  crank  handle  fits  on  the 
square  end.  Upon  the  shaft  are  mounted  a  number  of  horizontal 
cams.  In  a  typical  controller  there  are  eleven.  They  are  insu- 
lated from  the  shaft,  and  are  connected  together  in  groups  or 
pairs.  The  shaft  is  never  turned  through  a  full  circle.  The  cams 
are  of  such  shape  that  their  w^orking  or  contact  faces  are  arcs 
of  circles,  concentric  with  the  center  of  the  shaft.  Some  of  the 
arcs  are  so  long  that  their  angular  scope  is  equal  to  the  extreme 
range  of  motion  of  the  shaft.  Thus,  if  the  shaft  moves  through 
200°,  the  largest  cams  would  include  200°  in  their  arc.  Other 
cams  are  very  short.  They  are  distributed  as  regards  their  work- 
ing surfaces  or  contact  arcs  over  the  whole  range  of  the  angular 
movement  of  the  shaft.  They  are  secured  to  the  shaft  at  even 
distances  apart  vertically. 

By  the  side  of  the  cam  shaft   is    a    series    of   contact    fingers. 
These  are  exactly  similar  one  to  the  other,  and  arranged  vertical- 
ly and  spaced  so  that  there  is  one  finger  for  each  cam.     If  the 
shaft  is  turned  to  t\\e  exlxeme  T\%\it,  t^c^  ^x:^^^y  will  touch  a  cam. 
It'  turned  to  the  left,  llie  ^iv^^t^  ^Wi  \aa\:v^  ^QroXaaXs..  'YV'^  ^^^'^^ 
'  the  contacts  and  tHe  auTaUoi^i  ol  ^^Oc.  ^x.^  (i^^^-vA^  ws^ ^^ 

n^ement  of  tHe  cam.  aiv^  ou  XXv^V^  ^^^^^^  ^^  ^..^x^^x.  .^^^-' 


THE  ELECTRIC  RAILWAY. 


E93 


or  arc  If  tbo  cam  surface  Is  long  enougb  the  finger  w  U  once 
I  s  brought  in  contact  with  it  remain  n  conta  t  for  the  Tull 
sw  ng  of  the  hanlle  If  the  am  surfa  e  a  short  its  finger  may 
come  n  contact  w  th  t  for  a  si  ort  period  and  then  lea*e  it  The 
conaLruct  on  of  a  contro  ler    s  shown  in  Fig   4o3 

Controller  Points —On  the  rlate  wbiih  covers  the  top  of  the 
contro  Ipf  case  are  cast  a  series  of  sligrt  radial  bars  or  points 
distr  huted  on  the  arc  of 
a  c  rcle  concentri  with 
the  shaft  and  cams  Each 
po  nt  Ind  cates  a  position 
of  the  handle  A  hori 
Kontal  wheel  is  fastened 
to  the  shaft  immediately 
below  the  cover  This 
has  rounded  notches  In 
its  edge  one  for  each  of 
the  points  A  sort  of  pawl 
drops  nto  these  notches 
as  the  wheel  is  rotated  by 
the  handle  Thp  notch 
and  pawl  fix  the  shaft  In 
place  and  also  disclose  to 
the  motorman  that  a  point 
Is  reached  If  he  counts 
the  notches  he  will  know 
where  his  handle  is  with 
out  looking  at  he  points 
A  qual  fied  motorman  need 
never  take  his  ejcs  oft  the  road  In  front 
point  the  handle  is  on  1 
etart  ng  lo  nt  anl  then 


Fio   US.— TBOiiiiaT  Cak  Coktbollhr. 


If  in  douht  as  to  what 
1  his  hand  e  clear  back  to  the 
count  as  the  notches  one  by 
one  as  he  parses  them  until  the  desired  one  s  reached  It  Is  not 
a  matter  of  in  1  ITeren  e  which  joints  are  used  there  are  pre 
ferred  driving  pointi  which  ehouM  a  wajs  be  used 

Driving  Points      Some  points    ndicate  a  uaiTiwrn.  ol  -^«o\'*v 
anee  in  r.er/ei   w/(h   the  motora      Other   5o\o.\&  'maxt.'a.'v.e.  \«^'i'  '^'s- 
slatan  e  la  ser/e     and  there  are  two  or  Ihree  ■50\-o'>.'&  -tiV\.Oo.  V^^^ 


J 
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eate  no  realatance  in  aeries.  The  general  law  for  the  con- 
centration of  resiBtance  in  macblnes  absorbing  energy  applies 
here.  The  points  indicating  no  resistance  are  the  oaes  on  wbicb 
tbe  car  should  be  driven.  The  energy  is  not  wasted  In  eiternal 
i  it  in  on  tile  other  points.  The  drlring  points  a 
t  longer  than  the  others,  so  ss  to  be  clearly  indicated  to  the 


Series  •  Parallel     CootrDller. — A   large  variety  of   controllers 

of  this  type  are  made,  adapted  for  dlflerent-stzed  cars  and  i 
tors.  Naturally,  a  high-powered  car  needa  more  regulating  c 
tacts  than  does  a  low-powered  one. 

The  term  seriea-paraiicl  indicates  that  the  two  motors  on  a.  i 
are  operated  sometimes  in  series  and  sometimes  in  parallel. 
This  gives  two  speeds.  Intermediate  speeds  are  produced  by  s 
set  of  cbanges,  each  one  involving  a  definite  step.  There  is  nc 
gradual  transition,  hut  a  step-by-step  progress  from  low  to  high 
speed. 

A   nine-point   controller   controls   by   tbe  following   combina- 

When  the  handle  le  turned  to  the  first  point,  it  brings  Into  a 
qerles  of  three  a  resistance  and  the  two  motors,  one  behind  tbe 
other.  The  current  flows  through  tbe  resisfance,  whicli  cuts  It 
down  wasteCully.  Then  It  goes  through  one  motor,  and  it  is  still 
further  cut  down,  but  here  not  wastetully,  and  then  goes  through 
the  other  motor,  and  then  to  tbe  ground.  This  connection  gives 
the  least  energy  to  the  motors  that  is  possible  as  the  connections 
are  arranged. 

On  moving  the  handle  to  the  second  point,  a  portion  of  the 
resistance  is  cut  out;  on  moving  It  to  the  third  point,  fourth 
point,  and  fifth  point,  resistance  Is  cut  out  each  time,  the  motors 
remainiag  in  series.  As  the  system  is  run  on  constant  potential, 
the  movements  described  have  increased  the  current  given  to 
motors,  and  therefore  have  increased  the  power  developed  by 
them,  and  the  car  under  eijual  conditions  increases  its  speed. 
At  the  fifth  point  al\  the  resistance  is  cut  out,  and  the  motort 
are  left  In  series,  Tbis  \a  the  6tb1  ■ti'osNiiif,  v^-^''..  va  ttere  le 
)  wasteful  resistance  in  series -wVtti  "Cae  ta-iVQ^.  "i^fe™\%v«& 
!  Should  be  concentT^tefl.  \i.  ^.^  ^-^^^^  ^^*--.<*V-~ 
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The  haiKile   now  awiOEa  through   a   translcion  stage   id   which 
(o)    the  motors  again  have  resiatance  in  series  with  them;    (6) 
one  is  cut  out   the  other  having  the  same  resistance  in  series  with 
it;   c  the  samp  as  6     and  the  sixth  notrh  is  reached      There  are 
no  notches  for  positions  a    b    and  c     the  handle  swings  hy  them 
to  the  sixth  notch    at  which  most  of  the  rPsistance  is  in  series, 
and   the   two   motors   are   in   parallel      This   gives   more   power. 
The  seienth  notch   cuts  out  more  resiatan  e,   the   eighth  atlU 
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motors  are  left  in  parallel,  with  the  full  potential  and  maximum      , 
current  acting  on   them 

The  cut,  Fig.  453o,  showa  the  development  of  this  controller.       ' 
The  cam  faces  are  supposed  to  be  straightened,  and  the  suecesHlve       ; 
points  and  the  connections  tor  each  are  indicated.    The  Sngera 
only  malie  contacts  when  over  the  cams.    Thus  at  point  3  and  at 
all  suliseauent  points  flnger  No.  2  is  cut  oft.    It  only  makes  con-      '■ 
tact  at  points  1  and  2.    The  cam  faces  are  connected  with  each       ■ 
other,  as  indicated  Ijy  the  lines.     If  the  deserlption  Is  tollo-wsA.     '' 
with  constant  reference  to  the  cut,  IUb  o^etaWTi-a  ■w'CA'^ve.  €was- 
There  are  other  arrangements  at  con.Utj\\«T,    \o.  «na^  "^^"^  "^"^ 
trailer  throws  a  shunt  in  parallel  -wltli  ftie  mcrt-CiT  ■&ft\6». '*-'*^ 
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creasing  the  speed,  the  armature  taking  a  still  greater  current. 
For  high-power  motors  more  points  may  be  given,  sometimes  as 
many  as  thirteen,  with  the  seventh  and  thirteenth  as  running 
points. 

Hot  ResUtance.-— If  a  car  is  run  upon  the  wrong  point  the 
resistance  is  heated,  and  a  hot  resistance  indicates  wasteful 
running.  A  car  should  be  run  on  the  driving  points  aft  much,  as 
l)ossible,  except  when  it  is  allowed  to  coast  or  drift  with  all 
power  off. 

Blow-Out  Magnet.— In  the  controller  case  is  an  electro-magnet 
whose  function  is  to  blow  out  arcs.  As  the  fingers  slip  from  cam 
to  cam,  there  is  constant  danger  that  arcs  will  form.  The  electro- 
magnet has  hinged  to  one  pole  a  plate  of  metal,  which  shuts 
over  the  cam  shaft  and  contact  fingers  like  a  door,  and  forms  a 
prolongation  or  extension  of  one  of  its  poles.  On  the  inside 
face  are  secured  a  number  of  blocks  of  insulating  material,  cor- 
responding to  the  spaces  between  the  successive  cams.  These 
go  into  the  gaps,  and  separate  each  cam  with  its  finger  from  its 
neighbor.  In  the  cut.  Fig.  453,  already  referred  to,  the  hinged 
pole  piece  is  shown  swung  back,  and  the  asbestos  composition 
insulators  are  shown  projecting  from  it.  The  magnetic  field 
extinguishes  arcs  as  fast  as  they  form. 

Reverser. — To  the  right  of  the  cam  shaft  is  a  reverser.  This 
operates  by  reversing  the  relations  of  the  field  and  armature  con- 
nections. 

Board  and  Cut-Outs. — In  the  bottom  of  the  case  is  a  board, 
to  which  the  wires  from  the  motors  and  resistances  are  con- 
nected, as  directed  in  the  wiring  plan,  which  the  electric  manu- 
.  facturing  company  supplies.  Two  knife  cut-out  switches  are  here. 
They  have  wooden  handles,  and  are  numbered  1  and  2.  Each  one 
cuts  out  or  in  its  own  motor,  according  to  the  number  inscribed 
upon  it. 

Rheostat    Controller. — In  this  system  the  changes  in  current 

are   brought  about  by  changing   the  resistance   in  series  with 

the  motor  or  motors.     Some  resistance  is  always  in  series,  ab- 

sorbing  energy,  except  -wlieu  \-\vft  c.^.t  \s»  T>\\^\ii\i.%  «.t  full  speed  in 

the  rheostat  system.    TliiVa  iiinoVj^^  ^^«X^  ^t  ^-^^-t^.  '^s^.fc  ^^v 

tem  is  out  of  date. 
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Motornwn's  Duties. — Various  directions  are  given  for  running 
trolley  cars.  Several  books  are  published  deroted  to  the  motor- 
man's  work.  Generally,  more  than  one  car  is  operated  on  a  line, 
and  It  Is  fair  to  say  that  on  all  small  roads  where  much  business  Is 
done  a  broken-down  car  will  be  pushed  to  the  ear  stable  by  the 
next  car.  General  directions  for  making  repairs  can  be  given, 
but  cars  differ  from  one  another  in  their  electrical  equipment. 
An  electrician  in  charge  of  the  repairs  of  care  of  a  road  will  have 
to  study  their  special  machinery,  and  especially  the  connections 
used  in  the  cars  whose  repairs  come  under  his  cliarge.  The 
motorman  will  only  be  expected  to  make  the  simpler  kind  of  re- 
pairs, and  may  be  forbidden  to  do  even  that  much.  Outside  at 
this  function,  the  motorman  has  very  specific  duties  to  perform 
in  running  his  car  properly.  It  Is  stated  by  one  author  thnt  by  ] 
actual  trial  he  found  one  competent  motorman  ran  his  car  with  | 
one-half  the  power  which  an  Incompetent  one  required. 

Economical  Running:, — It  is  wasteful  of  energy  to  turn  power  I 
on  suddenly.  A  jerk  Involves  waste  of  energy,  and  shakes  the  i 
whole  structure  of  the  car.  The  power  can  often  be  shut  oft  on  ] 
alight  down  grades.  When  the  track  is  obstructed,  Instead  of  I 
running  up  to  the  obstacle  under  power  and  then  putting  on  I 
the  brake,  the  power  may  be  shut  off  a  considerable  distance  be-  '! 
fore  the  obstacle  is  reached,  and  a  comparatively  slight  applica- 
tion of  the  brakes  will  suffice  to  stop  or  slacken  the  speed  of  the 
car  as  required. 

Excessive  Use  of   the  Brake  is  hard  on  the  brake  shoes  and 
wheels.     If  the  wheels  are  completely  arrested,  so  that  they  slide 
on  the  track.  It  Is  apt  to  wear  flat  places  on  them.     They  then 
.  need  grinding  or  turning  to  restore  their  circular  contour.     If  a 
wagon  is  on  the  track,  the  car  can  be  slowed  by  turning  oil  tha       J 
power  while  It  is  still  a  good  distance  away,  and  the  wagon  may      J 
turn  out  while  the  car  is  still  coasting.     Waste  of  energy  would      m 
result  from  running  up  to  the  wagon  under  power  and  suddenly      ■ 
turning  off  the  power  and  putting  on  the  brake  at  thp  last  minute.      I 

Bad  running  exhausts  the  motorman  also.     The  excessWe  VlWi      1 

of  the  brake  is  hard  work  Ih  the  fullest  senae  ot  Vcift  Vwta.  ^ 

•     Flmt    Wh'-els.—TliiB  term  is  applied  to  ■wUfte\a  -9jV\t\v\v«.-(e"^s^ 

OMtplapes  worn  upon  them.    They  make  a  moat  a\9a.%Te«.tSAc  ■»>*« 


Its 
Whe; 


ELECTRICIANS'  HANDY  BOOK. 


r.when  the  ear  is  running,  and  expense  1b  Involved  in  grrnding  or 
turning  tbem  to  shape. 

Sliding  Wheels.— Wheels  caused  to  slide  hy  excessive  braking 
do  not  stoi)  a  ear  as  quickly  as  wheels  which  turn  so  as  lo  con- 
stantly present  a  new  surface  to  the  rail.  It  held  so  that  they 
cannot  turn,  the  spot  In  contact  wears  smooth  and  slides  along 
with  less  friction  than   In  the  other  case. 

Skidding  WheeU.— If  wheels  turn  without  moying  the  car,  use 
a  little  aand.  Turn  the  power  off,  and  then  slowly  on  again  to  the 
last  notch. 

If  wheels  slide  on  slippery  rails,  when  the  brakes  are  put  on, 
do  not  apply  sajid.  First  throw  oH  the  brake,  start  the  sand,  and 
then  apply  the  brakes  again. 

Reversing.— Never  reverse  the  car  until  the  controller  handle  U 
In  the  ofi  position.  The  car  should  drst  be  brought  to  a  stop,  the 
reveraing  lever  turned,  and  then  power  should  be  slowly  given. 
The  trolley  pole  should  always  be  shifted,  except  for  very  short 
distances. 

Leaving  the  Car. — If  the  motorman  leaves  the  car,  he  ahonld  ' 
turn  the  controller  completely  oft  and  take  the  handle  with  him, 
otherwise  some  unauthorized  person  may  interfere,  and  turn  on 
the  power. 

Bad  Ground. — if  the  rails  are  dusty,  the  car  niay  refuse  to  start 
because  it  makes  a  very  poor  ground.    Rocking  the  car  by  sway- 
ing and  almost  jumping  on  the  platform  may  give  a  ground  to 
a  motionless  car  which  has  refused  to  start.     The  rail  may  be 
cleaned  of  dust  a  short  distance  from  one  of  the  wheels,  and  a 
ground  can  be  made  by  touching  a  bar  Of  metal  or  a  heavy  copper 
wire  to  the  clean  spot  on  the  rail  and  to  the  tread  of  the  wheel. 
The  car  will  then  start.     Pouring  water  on  the  track  May  be 
^    enough  to  form  a  ground.    If  the  ground  is  made  with  a  wire  or 
bar  as  described,  the  rail  must  first  be  touched,  and  then  the 
wheel.    The  connection  must  be  firmly  held  In  place,  or  a  shock 
will  result.    The  motorman  can  shut  off  the  power  an  instant  to 
permit  the  bar  or  wire  to  lip  reToo-^efl.    The  use  of  a  thick  glove, 
k^p.  or  piece  of  heavy  cloth  tor  ■ho\4\Tis**.e  ^«'^Ti'^*-''^t ■*«»». 'asd- 
^^m^Ie  or  fmperative. 
■fewfflK    to    Start.-U  a  cm  -t^^ai*^^  ^°  ^^"^^  ^"^^  * 
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ground,  it  may  indicate  that  the  rail  bonds  are  gone.  The  rails 
can  be  Connected  electrically  with  a  pfete  oC  wire  altaohed  in  any. 
way  that  seems  best.  E>en  a  few  naila  may  lie  driven  between 
the  ends  of  two  rails  to  sive  some  atterapl,  at  a  connection. 

The  lightning  arrester  may  be  a.  source  ol  trouble.  It  dirt  gets 
Into  It,  it  may  eetablish  a  Rround.  and  ho  ehort-rlrcult  all  the  car 
connentiona  between  it  and  the  motors.  This  may  be  0(  such  low 
reBlHtance  as  to  melt  Ihe  (use.  It  cleaning  the  arrester  is  not 
possible,  it  may  be  disconnected,  or  its  ground  wire  may  be  re- 
moved or  disconnected.  A  lightning  arrester  maklnK  ground  will 
blow  out  the  fuse  when  the  controller  handle  is  in  the  olT  posi- 
tion.   This  1b  one  way  of  recognizing  it. 

Fuse*.— If  the  fuse  blows  when  the  car  starts,  it  may  be  diia 
to  so  great  a  load  that  Ihe  armature  lurns  abnormally  Blow,  and 
generates  Insufflclent  counter  electromotive  Torce.  If  the  hmkeB 
are  set,  or  ff  a  quantity  of  dirt  has  wedged  in  between  brake  shoe 
and  wheel,  the  load  on  the  motors  may  be  increaaed  thereby,  so  as 
to  burn  out  the  fuse. 

Another  cause  Tor  a  fuse  blowing  out  la  the  grounding  of  the 
fcld  coll  of  a  motor.  The  cure  ia  to  cut  out  the  motor.  Short- 
circuiting  of  field  or  armature  will  do  the  name,  l.,ooae  nr  bad 
contacts  at  the  ends  of  the  fuse  may  help  to  blow  li  out.  The 
contact  pieces  at  the  ends  of  fuses  should  be  bright  and  clean,  a> 
fthould  the  Burfacea  to  which  they  are  aecured.  Sandpapering  or 
Bcraplng  may  he  resorted  to  if  necessary.  Screws  holding  fUHPB 
Bhould  be  screwed  down  hard,  and  should  be  watched  if  they  are 
liable   to   become   looae. 

Never  put  In  two  fuses  in  place  of  one  or  a  fuse  heavier  IhaD 
the  standard,  as  It  might  result  In  a  burned-out  armature  or  In- 
jury of  wires  or  other  connections  from  overheating. 

Examining  Connecttons.— If  electrical  connections  have  to  be 
Examined,  tightened  up,  or  disconnected,  either  pull  down  the  trol- 
ley pole  and  tie  It  down,  or  open  the  main  circuit  switch  under  the  , 
Wattorm  roof  or  canopy.    Take  no  risks  with  a  live  circuit. 

The  lamp  circuit  may  be  nsed  to  give  a  clew  to  electrical  troH- 
t^les.     If  the  lamps  light,  then  the  current  \B  on  Vat  W^a  »■■&&- 
tfce  car  baa  *  groand  eoanecdon.     Tt  may  \>e  0Q\'}  enw%^fip'  ^"^  *■ 
«tea/;  current.     Wbtlo  the  lamps  are  bumlTiK.  turn  *m  Va*  ««»' 


ELECTRICIANS-  HANDY  BOOK. 


IroHer.  If  tbe  lamps  are  dimmed  or  go  out,  It  iad^x^^^oSi 
ground.  There  is  a  possibility  of  running  tbe  car  ahead'  slowly 
and  piclilng  up  a  good  ground  again. 

Controller  Troubles.— Sometimes  the  car  will  run  with  one 
controller  and  Imperrectly  or  not  at  all  with  the  otber.  A  bum- 
out,  a  broken  or  loose  connection,  a  bent  contact  finger,  may  be  the 
trouble,  or  the  motor  cut-outs  may  have  dropped  out  of  their  eon- 

Broken-Down  Controller.— if  a  controller  breaks  down  and  the 
cause  is  not  obvious  nor  easily  removed,  run  with  the  otber  com- 
mutator. The  car  must  be  run  by  signal  from  the  front  platform 
In  this  case,  the  conductor  remaining  in  front  to  watch  the  track. 

Motor  Troubles  may  be  due  to  the  causes  which  aSect  other 
motors,  but  greater  in  degree,  because  of  tbe  conditions  under 
which  railroad  car  motors  have  to  operate.  The  carbon  brushes 
may  not  play  freely,  the  commutator  may  wear  uneven  or  have 
a  high  bar.  the  carbon  brushes  may  even  be  burnt  Into  the 
holders  from  excessive  current.  There  is  every  chance  for  dirt 
and  oil  to  accumulate  on  the  commutator  surface.  Sparking  on 
the  commutator  when  the  motor  Is  running  may  be  due  to  one 
of  these  causes.  Absolute  flaming  on  tbe  commutator  Indicates  a 
broken,  short-circuited,  or  wrongly-connected  coll.  Such  troubles 
should  be  found  out  before  the  car  goes  into  service. 

In  the  bottom  of  the  controller  case  are  two  cut-outs,  marked 
motor  1  and  motor  2  or  equivalently.  It  a  motor  Is  In  trouble, 
cut  it  out  with  its  own  cut-out  and  run  carefully  with  one  motor. 
Start  tbe  car  very  slowly  and  gradually  under  such  conditions. 
On  a  steep  grade  it  would  be  well  not  to  stop  at  all.  A  short, 
steep  grade  should  in  such  case  be  taken  on  tbe  run.  Avoid  using 
sand.  The  point  to  be  remembered  with  a  single  motor  is  to  avoid 
running  it  slowly  with  the  controller  turned  to  high  power. 

Emergency  Stop.— If  the  brakes  refuse  to  work,  emergency 
methods  must  be  resorted  to.  They  should  be  avoided  If  possible. 
There  are  two. 

Throw  ott  the  power  at  \.lie  CQ-Q\.io\\feT .  Tc^erae  the  reversing 
lever,  and  turn   the  controUer  Vo  fttftX.  ot  ■i'«c'sT,\  -wiv^t^.   -w*. 
toetiiod  is  quick,  but  Is  mote  ol  a  bVt^U.  on.  >».«  ^-^.-^wi^a:^  -(sas. 
Ito  following. 
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Throw  off  the  power  at  the  controller,  open  main-circuit  switcli, 
reverse  the  reversing  lever,  and  turn  the  controller  handle  to  the 
last  notch. 

Jerking  Car- — ir  a  car  jerks  or  bucka.  It  may  he  due  to  water 
and  mud  which  has  reached  the  commutator,  a  bit  of  wire  may 
bave  got  tnto  the  motor  case  and  have  stiort-circuited  tlie  com- 


FlO.  «i4.— FBEDBft  CoNHEcnoir  rOB  BtJWIBlC  HAn.WAl'. 

mutator  bars,  or  other  short  circuit  may  have  occurred.  The  mo- 
tor in  trouble  may  be  detected  by  the  smell  due  to  overheated  In- 
sulation.   Cut  It  out  at  once  and  run  with  one  motor. 

Car  Heating. — Many  uses  have  been  found  for  electric  beating, 
but  the  expense  has  restricted  its  use  greatly,  and  Its  princl|)a!  ap- 
plication is  in  trolley  cars.  For  a  car  with  twelve  windows,  from 
2000  to  3000  watts  are  needed  to  supply  the  heaters,  or  about  4 
liorse-power.    A  car  stove  burns  about  33  pounds  of  coal  per  day. 


nx 
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and  the  expense  of  a  day's  heating  with  allowance  for  repairs  to 
stoves,  removal  of  aahea,  and  every  incidental  expense,  was  cal- 
culated at  19^  cents  a  day,  with  coal  at  f2  a  ton.  The  expense  of 
electric  heating  varies  from  0.36  cent  to  2.41  cents  per  hour. 
The  showing  is  so  favorable  only  because  the  electric  beating 
system  has  comparatively  few  repairs.  tUe  ^eB.\ft\a  rae  tWv.  t«r 
moved  to  summer,  and  there  ]a  little  in  0\e  wai  ot  ffeV^eKKVos^^ 
needed.     The  fuel   cost  for  a  Btove  may  \ie  OuVj  "i.^  wfiBNa  '^'«  *" 
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whole  day;  the  principal  expense  is  in  the  lahor  and  repair  items. 
Electric'  Radiators  are  simply  resistance  coils  of  iron  wire 
sometimes  protected  hy  asbestos  or  equivalent  coating.  They  are 
placed  under  the  seats,  and  therefore  take  no  room  in  the  car; 
a  stove  sometimes  takes  the  room  of  one  passenger.  In  a  crowded 
system  the  conductor  may  have  to  neglect  a  coal  stove,  and  the 


d 
T 
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Fia.  456.— Separatb  Febdkr  System  fob  Blkotbic  RaHiWat. 

passengers  may  interfere  with  his  giving  it  proper  attention.    In 
such  cases  electric  heaters  are  especially  advantageous. 

Power  Circuit  and  Feeders. — There  are  various  ways  of  ar- 
ranging trolley-line  circuits.    The  simplest  consists  of  a  single 


TRACK  RETUrtN 
CIRCUIT 


Fio.  457.— Intercownecttno  Feeder  System  on  Elegtbio  Railwat. 


wire  with  the  rails  as  a  return.    Sometimes  feeders  are  used  to 
maintain  the  pressure. 

One  of  the  oldest  ways  of  using  a  feeder  is  to  run  it  along  paral- 
lel  with  the  trolley  wire,  and  connect  from  it  at  intervals  to  the 
Matter.    This  is  an  imperfect  system.  "^otXAxi^^Na  ^^VwiA.Xsi  W^-^^r 
e  results  which  a  single  troAley  ^\t^  ol  ^tc.^^  ^^^n^^  ^r^JTv, 
t  of  the  two  wires  ^ould  gWe.    x  NaT^^^^^^  ^^  >^^^^  ^^^^^^ 


THE    ELECTRIC   RAILWAY. 


to  divide  the  trolley  wire  into  sections,  eacli  corresponding  In 
length  to  the  distance  between  feed-wire  connections.  This  makes 
it  possible  to  cut  out  any  section  of  the  road,  which  might  be  use- 
ful In  some  cases  of  accident.  These  systems  are  shown  In  the 
cuts.  Figs.  454  and  4BB. 

A  true  feeder's  action  would  conelat  in  keeping  a,  definite  poten- 
tial on  a  distant  point  o(  a  line  Tbe  trouble  la  tbat  If  a  feeder 
ia  drawn  upon  for  current, 
Its  drop  Increases  and  it 
falls  to  some  extent  in  its 
function  An  acti\e  feeder 
must  act  impprfectly  The 
follow  Ing  s}  stems  try  to 
bring  fpeder  action  more 
Into  plaj  In  Fig  456  is 
shown  a  Toad  supplied 
■with  current  as  usual 
through  Its  wire  and  with 
sevpral  feeders  carried  di 
rectly  from  the  station 
and  connecting  at  distant 
parts  of  the  line.  The 
trolley  wire  may  be  dl- 
Tlded  Into  sections,  and 
subsidiary  feeders  may  be 
Introduced.  By  intercon- 
nectiUR  feeders  the  system 
shown  in  Fig.  457  may  he  employed. 

Insulators. — These  are  of  the  most  varied  type  In  the  great 
variety  of  electric  railway  work  now  carried  out  Fi"  4'i8  shows 
an  In     lat      f        a  ry     g  th     I     11  i   wl         It  th     h  tt  m 

Of  th     In     lat       and  th         ight  1    t  k       bj  a        pe     1  n      1 
f  om   wh    h     h     i       lat       i  p     d  d   h      th     d     hi     h     k     n 

t  th    t  p  I    a    1  t  th       gh  whi  h  th 


PiO.  468.— Tbollbt  Wire  IssOLiiOB. 
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CHAPTER  XXXV. 

ELECTRICAL  MEASURING  INSTRUMENTS. 

The  Qalvanometer  is  an  instrument  for  indicating  the  passage 
of  a  current.  If  used  only  as  an  indicator,  it  is  more  properly 
called  a  galvanoscope.    Usually  the  first  name  is  employed. 

Under  Ampere's  law  we  have  seen  the  law  of  the  d^ection  of 
a  needle  by  a  current  illustrated.  If  a  common  pocket  compass 
with  good  enough  pivot  and  bearing  is  held  above  a  conductor 
through  which  a  current  is  passing,  the  needle  will  be  deflected 
more  or  less  according  to  the  strength  of  the  cunrent.  The  fric- 
tional  resistance  may  be  great  enough  to  hold  the  needle  immov- 
able unless  a  strong  current  is  flowing.  Such  a  compass  would 
constitute  a  galvanoscope. 

To  increase  its  sensitiveness,  two  things  can  be  done.  The 
delicacy  of  pivoting  can  be  increased.  For  extreoie  sensitiveness 
the  magnetized  needle  can  be  hung  at  the  end  of  a  fllament  of 
silk  instead  of  being  poised  on  a  pivot.  To  increase  the  action 
of  the  current,  the  conductor  can  be  bent  into  circular  or  other 
closed  curve,  and  go  completely  around  the  needle  once  or  many 
times.  A  coil  of  wire  of  hundreds  of  turns  may  surround  the 
needle.  Proximity  increases  the  action.  The  coil  may  be  so 
close  to  the  needle  as  to  just  leave  it  room  to  turn  in. 

A  galvanometer  as  usually  constructed  consists  of  a  magnetic 
needle  and  a  coil  of  wire  surrounding  it. 

Simple    Galvanometer. — ^The    simple    form    of    galvanometer 

called  originally  a  multiplier  is  shown  in  the  cut.  Fig.  459.    A 

coil  of  wire  wound  upon  a  wooden  or  pasteboard  spool  or  bobbin 

surrounds  a  magnetic  needle.    The  instrument  must  be  placed  so 

that  the  coil  will  lie  in  the  magneUe  m^iVdlan  or  nearly  north  and 

south.     The  magnet  will  lYien  W^  vq>  Vt^^  ^^"^  ""^  ^^  ts«^\\.\^^ 

Bhown.     When  a  current  ia  passed  l\iTou^\i  XXi^  tc^VW^^  t^^^^'s*>^ 
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be  more  or  less  deflected.  On  such  lines  as  thle  many  galvanom- 
eters  of  widely  varying  sensitiveness  are  constructed. 

The  needle  as  shown  in  this  connection  has  an  axis  fastened  to 
It.  This  may  be  prolonged  upward  through  the  coil,  and  have 
an  index  fastened  upon  It.  Then  the  first  movements  can  he  seen. 
Otherwise  they  would  escape  notice  because  the  needle  ia  hidden 
by  the  coil. 

The  needle  may  he  above  the  coll,  when  It  will  move  In  direc- 
tions the  reverse  of  those  which  it  would  have  If  within  the  coll, 
as  shown  in  the  cut. 

AsUtlc  Galvanometer. — Sometimes  two  needles  are  used  fast- 
ened to  a  central  axis,  with  north  and  south  poles  opposed.  This 
conetmction  almost  destroys  the  polarity  of  the  two,  and  would 
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completely  were  it  possible  to  have  them  of  equal  strength.  If  one 
magnet  is  within  the  coil,  and  the  other  with  reversed  pole  is 
above  or  below  the  coil,  the  deflective  action  on  both  will  be  the 
same.     This  is  because  the  poles  are  reversed. 

The  cuts.  Figs.  460  to  462,  show  an  astatic  galvanometer.  On  a 
frame  F  is  wound  a  double  coil  of  wire,  whose  turns  He  In  a  verti- 
cal plane.  The  astatic  needles  are  shown  below  the  frame,  their 
north  and  south  poles  being  indicated  by  NN  and  S  S.  The 
whole  arrangement  as  set  up  Is  shown  on  the  right.  A  glass  shade 
cuts  off  all  air  drafts,  so  as  to  prevent  Irregular  movements. 

Fiber  Suspension. — For  aensltive  galvanometers  a  thread  or 
flher  Is  used  to  B'.ispend  the  needle.     It  may  be  a  fine  thread  of 
Bilk.     It  is  sometimes  a  thread  of  eiUca.    TMb  \aTn^&fe\i-i  ■m.'^v'Cwi.-fc 
a  piece  of  quartz,  and  diBwIag  Irona  it  a  &t«  ftw?».i  wo.  'Cs.*;  -it-iX^- 
olple  of  spinning  glaae.     SoraeUmea  tte  -poVnX.  "it  a-ti  *-^'^*^'"  "^ 
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touchecl  to  the  meUed  qiiartz  and  shot  from  a  bow.  drawing  out  a 
thread  of  quartz  which  Is  bo  fine  as  to  be  almost  or  quite  inviaible. 
Reflecting  Oalvanometer.— The  seusliivenees  of  a  gatvaoom- 
eler  could  be  increased  ty  increasing  the  length  of  the  Index. 
The  weight  of  the  index  might  be  a  factor  which  would  Impair  tta 
Bensitiveneaa,  and  It  would  be  affected  by  drafts  of  air  unless  in- 
closed.   An  index  four  or  five  feet  long  would  be  Impracticable. 


But  a  weightleEB  index  o!  any  length  can  be  provided  by  using  a 
parallel  beam  of  light. 

A  concave  mirror  will  reflect  a  beam  of  light,  and  will  produce 
a  focal  image  of  the  source  of  light  at  a  distance  from  Itself  de- 
termined by  the  relation  of  the  distance  L  o  to  the  degree  of  cc 
cavity  or  radius  of  curvature  of  the  mirror.    The  conditions  a 
shown  in  Fig.  4G3.     s  s  is  the  mirror,  L  the  source  of  light,  and  Q 
(fie  reflected  image  throwa  M^Dti  a.  scTee^i  or  scale 

■    nometer  the  mirror  i^  ;.u>v.^..^  ^"  --  ™-^^^-  -«^n^'<^'^ 


o  V\i.e  ■EA'^feVvC.  'utK^^'Nik^ 
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ed  by  N  S  In  the  diagram.     The  center  of  Ihe  mirror  lies  In  the 
;  ol  the  suspending  fiber.    The  distance  Q  o  may  he  as  great 


-HL 
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he  more  sensitive  will  the  instm- 


deslrod;   the  longer  It  is, 

it  be. 

.rransement  of  Reflecting  Galvaaometer. — The  diagram.  Fig. 

,  shows  a  lamp  In  a.  case,  with  an  aperture  m  m  out  of!  whicb. 


eam  of  its  light  emerges.     At  s  Is  the  mtrvov  *tt.a.t\iifc^.  ^.q  -i. 
'STtbineCer  needle.     The  latter  wUli  aU  QtUcr  ift\,*\\  '\';.  oirX''-'^**^ 
Uie  diagram  to  avoid  complicaVlon.     M  I  Vft  a  "^'"^^  ^■aX^- 
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Tbe  ll^t  which  falle  upon  the  concave  mirror  at  s  Is  reflected 
upon  the  scale  and  a 
focal  Image  of  the 
aperture  in  m  Is 
produced  upon  tbe 
Bcale  The  aperture 
m  m  nia7  have  a  ver 
tical  wire  across  Its 
center  which  will  ap- 
pear as  a  dark  line 
acroEB  the  spot  ol 
light  upon  the  screen 
and  will  serve  as  the 
Index. 

In  modern  practice 
an    Incandescent  elec- 
tric lamp  Is  often  used  Instead  of  the  oil  lamp.    In  such  a  case 
the    lamp    Is    so    placed 
with     reference     to     tbe 
focal  length  of  the  mir- 
ror that  Its  Incandescent 
B  lament      is      projected 
upon     the     screen,     and 
this  Image  serves  as  the 

Referring  again  to 
the  diagram.  Fig.  463.  It 
will  be  understood  that 
if  the  mirror  S  turns 
lett-bandedly,  the  ob- 
ject reflected  to  and  pro- 
duced upon  the  scale  t 
will  move  toward  the 
top  of  the  page  as  shown 
by  the  dotted  line  Q  o. 
Tbe  reverse  will  occur  lor 
a  snJaging  of  the  mirror 
•  *a  the  opposite  direction. 


Tin.  Uft.— TmaKKfr^  KV&teux  voa 
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In  the  same  cut  a  lens  is  shown  in  front  of  the  lamp.  By  using 
this  lens  a  plane  mirror  at  S  may  be  used  instead  of  the  concave 
one,  and  the  dotted  lines  indicate  the  direction  of  the  rays  of  light 
when  such  lens  is  used. 

The  next  cut,  Fig.  465,  shows  how  the  oil  lamp  is  placed  below 
the  scale  and  screened  from  the  observer  who  is  in  front  of  it. 
The  aperture  through  which  the  rays  pass  is  seen.  A  vertical 
wire  is  secured  across  it. 

Translucent  Scale.— The  diagrams  have  illustrated  the  use 
of  an  opaque  scale  which  the  observer  looks  at  directly.  Some- 
times a  translucent  scale  is  used,  the  observer  being  back  of  it 
and  watching  the  index  mark  through  it 

Plane  Mirror  Reflecting  Galvanometer. — Another  arrange- 
ment of  the  reflecting  galvanometer  depends  upon  simple  reflec- 
tion of  the  scale  in  a  plane  mirror  attached  to  the  galvanometer 
needle.  The  cut.  Fig.  466,  shows  a  telescope  mounted  on  a  stand- 
ard with  a  scale  below  it.  The  observer  looks  directly  at  the 
galvanometer  mirror  and  sees  reflected  in  it  a  portion  of  the  scale. 
This  gives  the  reading  of  the  instrument.  A  cross  wire,  cocoon 
fiber,  or  equivalent  may  cross  the  mirror  or  be  contained  within  the 
telescope,  in  order  to  give  a  line  to  fix  exactly  the  scale  division. 

The  Thomson  or  Kelvin  Galvanometer.— The  characteristics 
of  this  instrument  are  the  extreme  lightness  and  small >eize  of 
the  moving  parts,  which  are  the  needle  or  needles  and  a  mirror, 
generally  concave.  The  coil  of  wire  is  of  rather  large  diameter 
as  referred  to  the  length  of  the  needle.  As  used,  the  deflections 
of  the  needle  are  so  small  that  the  current  is  sensibly  propor- 
tional to  the  deflections.  It  is  constructed  dead-beat,  astatic,  or 
according  to  any  other  requireihent. 

In  one  type  of  instrument  four  magnetic  needles  0.015  inch 
long  are  cemented  to  the  mirror.  The  latter  is  0.024  inch  diam- 
eter, the  total  weight  of  mirror  and  needles  being  1  grain.  The 
object  of  having  several  needles  is  to  get  the  maximum  of  mag- 
netization with  the  smallest  weight.  This  reduces  momentum 
and  makes  the  combination  more  dead-beat. 

The  mirror  and  needles  are  suspended  \iy  a.  o.ocoow^^^'^^'^QSiJs^Ns^s^ 
sjJk,  and  of  extreme  thinness.     Tlie  miTTOT  \v«iw^^  vsv  ^^'^  ^'s^^^s^ 
of  a  vertical  ring;  of  brass  with  closed  \ia.cVL,  ^.xvOi  >Cae  1\o^v  Q>Qi^'5X« 
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with  a  pane  of  glass.    The  coil  surrounds  the  ring.    A  rod  rises 
from  the  ring  and  carries  a  curved   regulating  magnet. 

Regulation  of  Sensibility. — The  regulating  magnet  is  turned 
with  its  north  pole  to  Ihe  south.  This  counteracts  to  a  certain 
extent  the  terrestrial  magnetism.  It  is  moved  up  and  down  until 
its  action  on  the  needles  nearly  deprives  them  of  directive  force. 
This  is  taken  as  the  working  position  for  sensitive  work. 

An  astatic  galvanometer  is  made  on  the  same  lines.  Two  coils 
wound  in  opposite  senses  are  employed,  one  above  the  other.  One 
acts  on  one  needle  and  the  other  on  the  second  needle,  whose 
poles  are  reversed.  The  coils  are  each  divided  into  two  parts, 
so  that  there  are  really  four  coils.  The  connections  are  arranged 
so  that  the  coils  can  be  connected  in  various  ways. 

In  some  very  accurate  observations  the  scale  is  placed  20  feet 
from  the  mirror  of  the  galvanometer.  This  is  equal  in  sensitive- 
ness to  an  index  40  feet  long. 

A  small  form  of  the  Thomson  or  Kelvin  galvanometer  is  shown 
in  Fig.  467. 

Tlie  Ballistic  Galvanometer  is  used  to  measure  the  quantity 
of  electricity  in  an  instantaneous  discharge.  In  use  the  dis- 
charge is  passed  through  its  coils,  and  the  extreme  deflection  of 
the  galvanometer  is  noted. 

Various  types  can  be  employed.  Ayrton  and  Perry  have  thus 
modified  the  Thomson  galvanometer  for  ballistic  work.  Forty 
little  magnetic  needles  of  different  lengths  are,  with  the  aid  of 
segments  of  a  hollow  lead  sphere,  mounted  as  two  spheres.  The 
spheres  are  joined  by  a  rigid  rod  astatically,  or  with  the  magnet 
poles  pointing  in  opposite  directions.  The  combination  is  sus- 
pended in  place  of  the  usual  mirror  and  needles  by  a  fiber.  The 
galvanometer  is  very  sensitive,  and  the  air  offers  little  resistance. 
It  is  corrected  as  follows:  Call  a'  the  first  throw  and  a"  the 
second  throw  on  the  same  side  of  the  zero  mark.  The  arc  a, 
which  would  have  been  attained  by  the  first  throw  without  the 
resistance  of  the  air,  would  be  expressed  by  the  formula: 

a  =  a   4- 

The  extreme  limit  ot  an  ose\\\«X\OTi  \a  <i"aX\fe^NX^  ^^-^^s^^^^ot 
instantaneous  deflection. 
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The  Deprez-D' Arson val  Galvanometer  is  much  used  for  bal- 
Ustic  work.     The  cut,  Fig.  4li8,  shows  the  conBtruclion  of  a  simple 

A  strong  horseshoe  permanent  magnet  is  mounted  on  n.  base- 
board, its  poles  projecting  d[rect!y  upward.  A  rectangular  coil 
of  No.  40  sillt-covered  copper  wire  is  the  moving  eiemenl.  This 
is  held  symmetrically  between  the  poles  of  (he  magnet.  The 
magnet  in  the  instrument  we  are  describing  Is  7  inches  high,  and 


FiQ.  4fiH.— Denn&D'AnsON- 
OtUOINAL  Form. 

I  13  formed  of  three  magnets  each  %  Inch  think  and  bolted  to- 
'  gether.  The  coil  of  wire  is  2Vj  inches  long  internally  and  1^ 
inches  in  internal  width.  Within  the  coli  a  hollow  aofl-lron 
cylinder  is  supported  by  an  arm  projecting  from  a  standard  at 
the  back  of  the  baseboard.  The  cylinder  is  a  fraction  of  an  inch 
smaller  than  the  coil  in  all  directions,  so  as  to  fit  within  it  without 
touching  it."  Its  aides  are  about  3-32  inch  ihick.  The  enli  is  sus- 
pended by  a  hard-drawD  silver  wire  No.  Z1  or  ft.W%  VhAn.  i\^'TO.^'v'«- 
A  Bjmllar  wire  connects  the  center  ot  the  \iot\.OTa  mentoe-^  '^^  '^ 
caa  to  the  base.     The  current   goes  tUroiig.'b.  X-^^i  'i^'^'*-  '«^^^'^'^^**' 
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by  one  silver  wire  and  pasetng  out  by  the  other.    The  resistance 
o£  the  coll  iB  about  150  ohme.    A  concave  mirror  Is  attached  to 
the  suspenelon  hook  directly  above  the  coll.. moving  with  It. 
Sometimes  the  wires  are  etrained,  and  sometimes  the  lower  wire 


FiO.  469.— Depbee-D' 


OlLTANOHXTEB. 


is  left  loose.     In  the  latter  case,  as  far  as  the  action  of  the  In- 
Htrument  is  concerned.  It  Is  only  a  conductor  for  the  current. 

A  modern  form,  as  ma.4e  M  Ijeeda  &  Northrup  of  Philadelphia, 
Is  a'nown  in  Fig  469  TUe  coW  a.ii4  t^^e  m^  w«i,"w(«.'ai.tJi.«  left- 
hand  figure  BhowiTigthe  sm^^^^b'voxv  *.\^-«.eAA  ^^^^^'A  \x>m-(^ 
■nagnet  and  with  its  glass  l^onX  \a.V^^  ««■■ 
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Ballistic  neasuremeiit.— The  ballistic  galvanometer  is  used 
to  determine  the  quantity  or  coulombs  K  of  electricity  which  pass 
through  its  coils  during  a  very  short  discharge.  If  the  galvanom- 
eter needle  moved  as  the  discharge  passed,  it  would  receive  a 
weaker  and  weaker  current  as  the  discharge  apprdached  its  end. 
In  such  a  case  the  motion  of  the  needle  or  other  movable  element 
oi'  the  galvanometer  would  not  tell  anything,  as  there  would  be 
no  practicable  way  of  running  up  or  integrating  its  motions.  But 
the  whole  discharge  may  be  completed  before  the  needle  begins 
to  move.  When  it  does  move  under  such  condition,  the  motion 
represents  the  sum  of  all  the  actions  which  have  been  exerted 
upon  it,  whether  great  or  small.  The  needle  under  their  com- 
bined effect  will  be  deflected  suddenly,  and  the  limit  of  its  throw 
will  depend  upon  the  sum  of  these  forces. 

If  the  charge  passes  before  the  needle  begins  to  move,  one 
ballistic  condition  will  be  present. 

The  motion  of  the  galvanometer  indicator  may  be  checked  or 
damped  by  air  resistance  or  by  magnetic  induction.  Another  con- 
dition for  the  ballistic  galvanometer  to  fulfill  is  that  this  shall 
be  very  small. 

Grcnerally,  a  reflecting  galvanometer  is  employed  for  ballistic 
work.  Its  reflected  light  spot  is  received  upon  a  scale  four  feet 
or  more  distant. 

Let  K  indicate  the  coulombs  which  produce  an  instantaneous 
throw  of  k°  by  ballistic  action.  Let  A  indicate  the  amperes  of 
current  which  would  produce  the  steady  deflection  a°.  Let  P 
be  the  time  of  vibration  of  the  galvanometer  in  seconds.  When 
1c°  and  a°  are  both  small,  the  law  of  the  deflection  under  ballistic 
conditions  as  given  above  is: 

P  sin  ^ 

K=--x  Ax ^ 

^  tan  a° 

The  angle  of  deflection  a°  for  a  given  current  A  amperes  must 
be  small.     The  angle  k°  must  also  be  small  to  keep  the  light  spot 
upon  the  board.     Thus,  if  the  scale  board  is  4  feet  distant  from 
the  mirror  of  the  galvanometer,  a  deflecUon  ol  ^  l^^V  ^wix'^^^'^'^^^ 
to  an  angle  of  less  than  30°. 
//  the  scale  is  divided  into  equal  dWi^ion^,  \^i^^  ^"^^"^  ^^  ^^^' 
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and  used  instead  of  angular  deflections.  Then  if  we  part  from 
degrees  and  call  the  two  kinds  of  deflections  k  and  o  respectively, 
we  may  greatly  simplify  the  formula  and  let  it  read  thus: 

This  will  give  a  result  very  nearly  accurate. 

A  galvanometer  for  ballistic  work  should  be  of  slow  periodicity, 
as  P  has  to  be  determined,  and  it  is  more  accurately  determined 
if  it  is  a  long  period.  A  heavy  moving  element,  whether  needle 
or  coil,  lengthens  the  periodicity  and  also  makes  the  needle 
slower  in  starting,  which  is  a  favorable  condition. 

A  usual  method  of  working  is  to  reflect  a  lighted  incandescent 
lamp  fllament  from  the  mirror,  and  to  receive  its  image  upon  a 
strip  of  ground  glass,  through  which  the  ignited  fllament  shows. 
Before  making  a  test  the  galvanometer  must  be  absolutely  at 
rest.  This  condition  is  disclosed  by  the  image  of  the  filament 
appearing  motionless  on  the  scale. 

It  is  impossible  to  measure  with  accuracy  the  time  of  a  single 
swing  of  the  needle  or  coil  of  the  galvanometer.  For  this  deter- 
mination the  needle  is  set  swinging,  and  the  time  of  ten  or  more 
swings  is  taken.  Dividing  the  time  by  the  number  of  swings 
gives  the  periodicity  P  of  the  instrument. 

Ballistic     Calculation.— The  following  example  is  taken  from 
Ayrton's  ''Practical  Electricity": 

With  a  galvanometer,  the  needle  of  which  executes  eleven 
complete  swings  in  6i/^  seconds,  1  Daniell's  cell,  having  an  E.  M. 
F.  of  1.07  volts  and  an  internal  resistance  of  3  ohms,  produces  a 
constant  deflection  of  127  scale  divisions  when  there  is  a  resist- 
ance of  10,000  ohms  in  the  circuit,  excluding  the  galvanometer, 
which  has  a  resistance  of  7,500  ohms,  and  which  is  shunted  with 
the  one  one-thousandth  shunt.  What  number  of  coulombs  is 
discharged  through  the  galvanometer  when  an  instantaneous 
deflection  of  230  =  k  scale  divisions  is  produced? 

The  solution  is  as  follows:     The  periodicity  P  of  the  galvanom- 

efer  is  — ^  or  0.59.    The  exuT^TA.  Va.  ^tk^^t^^  k  i^roducing  the  de- 
ll ^ 
action  127,  which  is  a,  is  loMTiei  Vi^  OXvm^^X^"^  A^-^. 
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The  resistance  of  the  battery  is  3  ohms,  that  of  the  resistance 
coil  is  10,000  ohms.  The  reslstanc*  of  the  galvanometer  and  the 
shunt  in  parallel  with  it  Is  HA  or  7.560.  But  as  the  shunt  In 
parallel  with  tile  galvanometer  passes  0.998  of  the  current,  one- 
one-lhousandth    of   the    current   goes    through    the   galvanometer 

1.07  1.07 

coiis.    The  total  curr*nt  fa  therefore  q~:riQ  qqa  +  7  ss    ~  .  q  Qpji 

approximately.     As  of  this  current  acta  npon  the  galvanom- 

lUOO 

1.07 
eter,  hecause  of  the  shunt  Ihe  current  A  Is  in  nnn  nno     "■'"P^''*' 

leturnlng  to   our   formula  and   suhstituting  these   values,   we 
re: 

_0M  1.07  280_ 

jr    ^    3  X  10,000,000         127 
wWch  gives  us  answer  0.01822  micro-coulomb. 

The  answer,  it  will  he  observed,  is  given  In  micro-coulombs. 
This  Is  done  to  avoid  the  sis  more  decimal  places  which  would  be 
required  were  the  answer  given  in  coulombs.  The  above  might 
^e  been  put  thus: 

Micro-coulombs  =  -^  x      ^'"^      X  -^ 
ff     -^   2  X  10   ^    137 
The   Tangent  Qolvanometer    le  an  instrument  whose  deSec- 
tions  can  he  interpreted  to  give  directly  the  intensity  of  the  cur- 
I      rent  which   passes  through   them.     Its   construction   is   based   on 
[      the  following  principle:    If  a  magnetic  needle  is  placed  in  a  uni- 
form field  of  force  due  to  a  current,  which  field  ia  at  a  right  angle 
I      to  the  terrestrial  field,  it  will  he  deflected  at  an  angle  greater 

or  less  as  the  strength  of  the  field  is  greater  or  less.    The  law  ,: 

of  the  deflection  will  be  that  the  tangent  of  the  angle  of  defiection  ,i 

■will  he  proportional  to  the  strength  of  the  current  producing  the  ] 

field. 

The  construction  of  the  tangent  galvanometer  ia  shown  in  the  I 

\      cut.  Fig.   470.     A  ring  of  large  diameter  stands  •jft'cVuaSVj    "ot..  ^  1 

;      support     The  current  whose  Intiinsity  is  to  be  4fe\.etta\Q^& '^^.'^s*^ 
■    directly  through  an  jnsuJated  conductor  ■woUBfl.  bjowiA  ''^^  "^^^^^^j 
For  heavy  currents  a  s'ngle  turn  of  wire  ■wo\Aa  \ie  a^)S!vc\iesA-     ^ 
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magnetized  needle  is  supported  at  the  center  of  the  ring.  The 
needle  must  be  as  short  as  possible.  For  a  ring  12  inches  in 
diameter,  a  needle  1  inch  long  may  be  used.  As  the  needle  will 
be  too  short  to  admit  of  a  scale  being  used  large  enough  to  give 
good  readings,  a  very  light  index  is  attached  to  it,  which  index 
is  several  inches  long.  A  dial  of  corresponding  diameter  is 
under  the  index. 

The  dial  can  be  graduated  in  de- 
grees. Then  a  reference  to  a  table 
of  natural  tangents  will  give  the  rela- 
tive value  of  the  current  intensity 
producing  any  given  deflection.  The 
dial  can  also  be  graduated  so  as  ta 
give  tangent  readings.  Thus,  the  tang- 
ent of  5°  is  0.08749,  that  of  10°  is  0.1804, 
that  of  15°  is  0.268,  and  so  on.  A 
direct-reading  tangent  scale  might 
have  the  reading  8.75  correspond  to 
its  5°  point,  with  the  intermediate 
ones  filled  in.  The  numbers  put  upon 
the  scale  would  be  integral  ones, 
starting  from  1  and  extending  on 
either  side  of  the  zero  point. 

The  angle  of  45°,  whose  tangent  is 
equal  to  unity,  would  on  the  above 
basis  be  marked  100.  The  point  of 
maximum  sensitiveness  is  at  45°. 

The  tangent  galvanometer  must  be 
placed  in  the  plane  of  the  earth's  mag- 
netic meridian  when  it  is  to  be  used  on  the  tangent  pri  nciple. 

This  instrument  is  sometimes  called  the  tangent  compass.  , 

The  5ine  Qalvanometer  is  a  galvanometer  whose  indications *tfi. 
strength  of  current  passing  vary  with  the  sine  of  the  angle  read, 
off  its  scale.     It  has  a  vertical  coil  with  a  magnetic  needle  in  the 
center  pivoted  so  as  to  rotate  in  a  horizontal  plane.     Thus  far  1 1 ^ 
resembles  the  tangent  comT^aso.    \ii  \\s>^  ^^^  ^'cNS.  Na.  \.MTned  im 
the  plane  of  the  magnetic  meT\ei\au,  ■a.'s.  ^^^q^t^^tj  "Cafe  \aa.'©^s 
?edJe.     The  current  is  tYien  tMX^e^  oll^xl^XX.^^^^^^^^^^'^^'^^^^-1 


Fio.  470.— Tangent  Galvan- 

OMLTER. 
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The  coil  is  turned  in  the  direction  of  the  deflection,  following  the 
motion  of  the  needle,  which  still  moves  a  little  as  the  coil  ap- 
proaches its  plane  of  position.  Eventually  the  coil  is  brought 
accurately  into  line  with  the  needle,  and  the  angular  deflection 
from  the  original  position  or  zero  point  is  taken.  The  strength 
of  the  current  is  proportional  to  the  sine  of  this  angle. 

The  proportions  of  length  of  needle  to  diameter  of  coil  are 
without  effect  on  the  exactness  of  the  sine  law.  The  coil  can 
be  made  of  small  relative  diameter  compared  to  that  necessary 
in  a  tangent  compass.  This  increases  the  sensitiveness.  The 
sensitiveness  also  increases  with  the  angle  of  deflection. 

This  instrument  is  also  called  the  sine  compass. 

The  Thomson  or  Kelvin  Absolute  Electrometer  is  based  upon 


Fig.  471.— Sir  William  Thomson's  Absolute  Electrometer. 

the  attraction  exercised  between  two  electrified  surfaces.  An 
insulated  metallic  disk  is  hung  from  one  end  of  a  balance  beam. 
It  hangs  horizontally  in  an  opening  in  a  larger  annular  metallic 
plate  called  the  guard  ring,  which  is  also  insulated.  Sometimes 
it  is  suspended  by  a  spring.  When  uncharged  it  hangs  a  little 
above  the  plane  of  the  guard  ring.  Below  the  annular  plate,  a 
little  distance  from  it  and  parallel  with  it,  is  another  insulated 
metallic  plate  in  electrical  contact  with  the  movable  plate.  The 
cut.  Fig.  471,  shows  the  disposition  of  parts. 

The  principle  is  that  two  surfaces  oppositely  electrified  attract 
each  other  with  a  force  proportional  to  the  square  of  the  electro- 
motive force   between  them.    When   an   instrument  of  this  de.- 
scriptioD   IS  calibrated   for  direct   CMTTeiit,  W.  c'^'^  \i^  \is»«i^  ^^"^ 
alternating-  currents,  and  will  indicate  t\ie\T  e«.e,QXNN^  N-aXs^^^'s.. 
To  use  it,  the  terminals  whose  potentiaV  eXtLe^^tvc^  Vs»  VoX^'^ 
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termined  are  connected,  one  to  the  lower  plate  and  the  other  to 
the  suspended  plate.  The  force  with  which  they  attract  each 
other  is  determined  hy  weighing  it,  if  a  balance,  or  by  deflection 
of  the  spring,  if  the  spring  construction  is  employed.  The  mov- 
able plate  must  be  brou^t  to  accurately  lie  in  the  plane  of  the 
guard  ring.  The  distance  between  the  upper  and  lower  plates 
must  be  accurately  known.  The  guard  ring  and  circular  plate 
must  be  of  identical  potential,  and  this  is  why  they  are  in  electri- 
cal connection  through  the  suspension  rods  or  spring  carrying 
the  movable  plate, 

Let  E^elec'romoiive  force  between  the  upper  and  lower  plates. 
rf  ^  the  distance  between  the  same, 
F=:the  attraction  between  the  plates  in  dynes. 

( 1  dyne  =  1  —1  gramme) 

cr  ^  the  ar»  of  the  movable  plate  in  square  centiineters. 

a 
Anoiiber  me:  bod  of  using  it  is  to  keep  the  upper  plate  at  a  eon* 

simn:  poienTia]  by  some  s>ource  of  constant  electromotiTe  force. 

which  may  t«e  a  small  influence  machine,  somewhat  <hi  the  Wims- 
bnrs^t  Type-  Hie  iowtr  jiiaie  is  a^iemaiely  connected  to  ilie  earth 
asd  TO  the  if-rzninkZ  whoske  po:eii:ia'  is  :o  be  ineasure«d-  Each 
Tii&e  the  cctTJL-&ciicii.  is  maoe,  ihe  aiTraciion  of  the  dxsk  for  the 
Jpwer  jJuif  is  QfCf-rmiiied.  The  diffe-renc^  tieiweoi  the  potentiais 
<Kf  etni:  iZiZ  TfCTr^.a'  g:T«:  the  po:eii:iaI  of  the  body  referred  to 

Qa^'wmmmtd^tr  ShHitts. — ^A  galx^&rcmeiex  may  be  too  senstiTe 
fee  SviZL**  s;i»c±fir  iss:!.  Tte  voltaist  laay  be  sisfficMaii  t©  pro- 
rii:*t  &  rcrrssLZ  -wii^i  wchljc  Tirow  the  liiiit  5p«  oif  tike  scmle.  or 

'«ri_i:*t  "wrnLiC  5efi«r:  r:  so  liear^  to  W'*  as  lo  make  3ts  raa^ingg 
v:<n>j5S?.  A  rzziT  xxfii*-  or  i*v'  is  iLr-  ^ImlT  of  HKfoem  <ci  a  aO- 
Ttr!rrc>«""5r  i'***fl'*..  Kut  -jl  tb*  iiei£±'^orbc»oc  of  W''  ixs  iv  fttnf^ 
tr^  ~^rj-  zusEBn  Ti"2«  &  £a2TEz>ozi>f:f'r  lix*  senaxii^  far  Ae 
v-.Tx  r  iiaf  t^  a:  vrrL'i  b^T*  r«  xeef!-e   5f:5efted  ao  iiearty  oi^er 

'  T  L  Tinmnt  s  ^lafflei  ^tririv^  "Oat  ti^Ii^  rf^  -^^ 
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a  Itnown  reb  btance  la  connected  acro-ia  the  galvanometer  term 
Inals  90  as  to  te  In  parallel  with  the  coils  These  realatancea  are 
definite  frac  lonB  of  the  reaibtan  e  of  the  ealvanometer  coil 
Thej  are  termed  galvanometer  shunta 

A  gahanometer  shunt  auch  as  supplied  by  inatnment  makers 
is  shown  in  Fig  47  and  the  1  agram 
F  g  473  shows  tie  conneftion  aDd  its  re- 
lation to  the  palvanometer  It  w  1  be 
aeen  hat  it  ia  In  parallel  w  th  the  inatrn 
meet  and  paaaes  a  fraction  of  the  total 
rrent  whose  value  depends  on  the  rela 
tive  res  atance  of  the  galvanometer  and 
of  the  shunt    as  explalnel  below 

To  red  ce  the  sensibility  of  the  gal 
vanometer  to  1  t  of  its  normal  value  the 
resistance  must  le  equal  to  that  of  the 
galvanometer  g  divide  1  by  n  —  1  Sup- 
pose that  a  sh  nl  box  is  used  which  can  re- 
duce the  sent  bllity  to  1  10  1  100  and 
1/1000  of  the  normal  value.  Then  the  re- 
alatances  of  the  three  shunts  are  g/S,  ff/Sfl,  [7/999,  calling  g  the 
reals tance  of  the  galvanometer. 

When  a  ahiint  is  put  in  parallel  with  a 
,  the  proportion   of  the   total 
:h    passes    through     the     gal- 
equal  to  the  quotient  obtain- 
ed by  (iividlng  the  resistance  of  the  shunt 
hy    the    combined    resistance    of    the    two 
pieces,  galvanometer  and  shunt.     This  quo- 
tient multiplied  by  the  total  current  gives 
the  galvanometer  current. 

The  resistance  of  the  galvanometer  and 
equal  to  the  product  of  the  reaistancea  divided  by  their 


CompensatlDg  Resistance — When  a  galvanometer  is  ahunted. 
the  decrease  in  resisiance  causes  an  Incteoafe  ot  cvwret"!-     tv  -tt 
r  alstaocB  in  series,  called  compensating  reaVB\.a,Tice:,  \a  iwfe&.Wi'^'^^'^^ 
!  back  to  Its  former  atrengtti.     T\ie  iiQTO.iswssa.ViW:.  "^ 
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sistance  is  equal  to  the  square  of  the  galvanometer  resistance  di- 
vided hy  the  sum  of  its  resistance  and  the  resistance  of  the  shunt. 

Constant  of  a  Galvanometer. — The  French  constant  is  the  de- 
flection produced  in  a  galvanometer  by  a  Daniell's  cell  in  a  cir- 
cuit of  total  resistance  of  one  meg-ohm  or  one  million  ohms. 
The  resistance  of  the  battery  and  galvanometer  are  included.  In 
England  the  constant  of  a  galvanometer  is  the  number  by  which 
its  indications  must  be  multiplied  to  reduce  them  to  a  given  unit 
of  current. 

Another  form  of  galvanometer  constant  applicable  to  tangent 
galvanometers  is  used  in  England. 

Let  n  •=  number  of  turns  of  wire  in  the  coil. 
r=:  radius  of  coil. 

Then 

constant  =   -^ .  -^ 
2  n  n 

It  appears  in  the  following  formula:     Let 

H  =  horizontal  component  of  earth's  magnetism  in  dynes. 

I  =  current  intensity  in  C.  G.  S.  units. 

S  =  angle  of  deflection  of  needle. 

n  and  r  =  values  given  above  for  them. 

Then :  'i 

I  = - X  H  tan  S. 

2  n  n 

And  this  value  multiplied  by  10  will  give  the  current  in 
amperes. 

A  still  more  general  definition  of  the  working  constant  as  used 
in  every-day  practical  work  in  this  country  is  the  following: 

The  working  constant  of  a  galvanometer  is  the  number  of  scale 
divisions  of  deflection  that  would  be  obtained  by  causing  the  cur- 
rent from  the  given  battery  to  pass  through  the  galvanometer 
and  a  resistance  of  one  meg-ohm. 

Determination   of  the   Constant. — Galvanometer  constants  as 

used    in   France,  England,   and   America   vary   because   it  is  an 

nrhitrary  working  figure  only.     Its  determination  for  practical 

Jise  is  now  to  be  deacri\ieA. 

In  the  diagram,  Fig.  474,  O  Ye\)Te^^\vV^  ^  ?.'a^^^^^"^'^^«^,^'^^«{^r 

tery,  S  the  galvanometer  ^Yvxxiil,  au^  ^  ^ ^^^^^  ^^'^^^^^^^'^^  ^ 


ELECTRICAL   MEASURING  INSTRUMENTS.  621 

pose  the  shunt  to  be  flr/999.  This  reduces  the  sensibility  *  of  the 
.  galvanometer  to  1/1000  of  its  normal  sensibility.  Suppose  the 
resistance  R  to  be  100,000  ohms.  When  the  circuit  is  closed,  the 
galvanometer  will  be  deflected.  Without  the  shunt  the  deflection 
would  be  theoretically  1000  times  as  great,  on  the  assumption  that 
the  deflections  vary  as  the  current.  This  assumption  only  holds 
true  for  very  small  deflections  in  reality,  and  is  applicable  in 
this  case  because  in  the  actual  test  deflections  within  this  limit 
are  used. 

The  shunt  makes  the  deflection  1/1000  as  great  as  if  there  were 
no  shunt  there;  the  resistance  makes  it  10  times  as  great  as  if  a 
meg-ohm  (1,000,000  ohms)  were  the  resistance  instead  of  100,000 

ohms.  Therefore,  for  a  meg- 
ohm resistance  and  without 
any  shunt  the  resistance  would 
be  equal  to  that  shown  multi- 
plied by  1000  and  divided  by 
10. 

The   general   rule   for   deter- 
FiQ.  474.-i)KTERMiNATioN  OP  THE       Diini^g   the   workiug   constant 
Galvanombtkb  Constant.  with    the    connections    shown 

in  Fig.  474  is  as  follows: 
The  working  constant  is  equal  to  the  product  of  the  deflection 
of  the  galvanometer  multiplied  by  the  multiplying  power  of  the 
shunt,  and  by  the  meg-ohms  resistance  in  series  with  it. 

In  the  case  cited  the  multiplying  power  of  the  (7/999  shunt  is 
1000,  the  meg-ohm  resistance  in  series  is  1/10  meg-ohm.  The  de- 
flection is  multiplied  by  1000  X  1/10. 

Suppose  a  deflection  of  250  scale  divisions  was  given  with  the 
resistance  and  shunt  as  above.    The  constant  would  be: 

250  X  1000  X  1/10  =  25,000. 
Such  would  be  the  constant  for  a  D' Arson val  galvanometer  with 
40  or  50  volts  battery.     As  high  a  constant  as  2,000,000  can  be 
obtained  for  laboratory  practice. 

A  battery  giving  50  volts   is  enough  for  ordinary  work.     By        I 
increasing   this   voltage   the   deflection  \s  \iveT^"a.^^^,  "ax\?J^  ^wssfc- 
guently  the  galvanometer   constant   is   a\ao   Vvvex^^^^^-     ^^  ^^'^- 
cate  work  a  potential  of  600  volts   is   somel\m^^  w^^^^     "^"^  "^^^ 
mrx  work  100  volts  is  not  exQess\YQ, 
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Figure  of  Merit.— This  ia  the  resistance  ol  a  coil  pJaeeii  in 
series  with  a  galvanometer,  so  that  a  potential  difference  of  one 
volt  will  produce  a  deflection  of  one  division  on  the  scale. 

SomellmeH  a.  Daniell  cell  (B  =  1.07  volt)  is  taken  as  giving 
the  potential  Cor  the  figure  or  merit.  Properly,  the  entire  re- 
sistance of  the  circuit  should  give  the  figure  of  merit,  not  merely 
that  of  a  resistance  coil  in  seriea  with  the  line.  But  in  praclice 
the  resistance  of  the  galvanometer  coil  so  far  exceeds  that  of 


Fia.175.— SiEHEsa'a  Dyhauoueter. 


tie  rest  of  the  circuit  that  it  can  sometimes  be  used  directly  with- 
out adding  In  the  rest  of  the   resistances. 

Galvanometer     Resistance.— For  thermo-electric  work  a  gal- 
vanometer of  about  Vi  olim   resistance  is   used.     Thomson's  gal- 
vanometers have  from  5,000  to  10.000  ohms  resistance,  with  be- 
tween 2  and  3  miles  of  wire  0.004  to  0.008  inch  diameter.     Some 
^  galvanometers  wound  with  Oermaa-sllver  wire  have  50,000  ohms 
^tow»/s(aQce,  and  a  single  DanieWa  ceW  \\itQ\i^  "ift  -oitiirtoma  ce- 
^Ksuce  will  move  the  index  ttatowet  iftft  &\N\s\<n\5.  ^A  ■*.% 
Hnoieiis  's  Dy  namomeUr.-TUia  msUuxae^t,  'n^ 
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Is  as  simple  as  its  theory,  is  the  standard  inBtniment  for  meas- 
uring alternating  currents.  It  Is  shown  in  the  cnt.  Fig.  475.  A 
Used  coll  of  a  number  of  turns  of  wire,  &5  in  one  pattern,  ia 
mounted  Immovably  as  shown.  The  axis  of  its  central  opeaing 
la  horizontal.  A  movable  coil  surrounds  the  central  immoyable 
one.  The  latter  has  comparatively  few  turns — often  it  has  only 
one.  The  relation  of  the  two  colls  la  shown  in  Fig.  476,  In  which 
A,  B,  C,  D  represents  the  immovable  coil,  and  E,  F,  G,  H  the  mov- 
able one.  The  current  enters  at  D  or  G,  and  passing  through  both 
coils  in  series,  aa  shown,  establishes  fields,  which  tend  to  pull 
the  coils  into  parallelism.  The  movable  coll  has  its  two  lower 
terminals  one  above  the  other  In  line  with  the  spring  suspension 
S  at  K  and  the  three  points  are  exactly  in  thp  axis  of  the  coll  so 
that  It  is  froe  to  rotate  under  the  smallest  force  On  this  free- 
dom depends  its  sensitiveness 

Near  the  base  of  the  machine  1?  a  mercury  cup  and  imme- 
diately below  It  Is  a  setond  one  The  enda  of  the  movable  coil 
dip  into  these  cups  Mhich  are  verticallj  over  each  other  The 
curient  entermg  by  a  binding  post  goes  through  the  immovable 
coil  and  then  to  one  of  the  mercury  cups  Passing  through  the 
movable  coil  it  enters  the  other  mercury  cup  which  is  Lonnected 
to  the  other  binding  pet  by  which  the  current  leaves  the  instru 
ment.  Thus  the  coils  are  connected  In  seriea  with  each  other,  and 
the  entire  current  to  be  measured  goes  through  each. 

The  movable  coll  is  hept  In  a  vertical  position  by  a  spiral 
spring.  The  axis  of  this  spring  la  vertical,  it  is  fastened  to  a 
bracket  directly  over  the  mercury  cups,  and  its  lower  end  by  a 
wire  ia  connected  to  the  center  of  the  upper  bend  of  the  movable 
coll.  Above  the  spring  is  a  horizontal  dial.  A  handle  to  which 
the  spring  !s  attached  rises  from  the  center  of  the  dial,  and  an. 
Index  is  attached  to  It.  By  turning  the  handle  the  Index  can  he 
moved  over  the  face  ot  the  dial  like  a  hand  of  a  clock.  The  dial 
is  graduated  around  its  edge. 

A  second  index  rises  from  the  movable  coil,  passes  by  the  edge 
of  the  dial,  and  Is  bent  over  across  the  sraduated  scale  on  the 
dial.    Its  position  can  thna  be  determined  by  the  hmq  ^\-5i^  iiTi.'<Sia 
Bcal^.    A  plumb  bob  or  level  la  used  to  set  ttie  \-a«i\.TiH&w!.'v-\«^*-' 
and  sometimes  connections  are  BuppUed,  bo  ft^at  4\^«i«^  ■o.\asiQW« 
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of  turns  of  wire  of  the  fixed  coil  can  be  thrown  into  the  circuit. 

Normally,  when  the  index  on  the  handle  is  set  at  zero,  the  in- 
4ex  of  the  coil  will  also  be  there,  the  points  of  the  indices  facing 
each  other  and  coinciding  in  angular  position.  This  is  when  no 
current  is  passing.  The  coils  will  then  be  at  right  angles  to  each 
other,  and  the  spring  will  be  without  any  torque  or  turning  force 
(moment).  If  a  current  is  passed,  the  movable  coil  will  tend  to 
turn  and  place  itself  parallel  to  the  other  one.  By  turning  the 
handle  this  tendency  is  resisted,  and  the  coil  index  is  brought  back 
to  zero.  This  strains  the  spring,  which  now  exercises  torque  equal 
to  that  of  the  coil.  The  angle  through  which  the  index  of  the 
spring  is  turned  is  proportional  accurately  to  the  square  of  the 
current,  whether  it  is  an  alternating  or  direct  current.  This  is  be- 
cause of  the  law  that  the  action  between  two  coils  such  as  those 
of  the  dynamometer  is  equal  to  the  product  of  the  currents  pass- 
ing through  them.  But  as  these  coils  are  in  series,  the  product 
of  the  currents  is  the  square  of  the  current. 

This  instrument  is  as  far  as  the  coils  are  concerned  a  zero  in- 
strument. Its  indications  depend  on  the  values  of  the  squares 
of  the  deflections  of  the  spring  index.  Hence  if  it  is  calibrated 
by  passing  a  single  current  of  known  value  through  it,  it  is  cali- 
brated for  all  currents  within  its  range  of  action. 

The  advantages  of  the  instrument  are  several.  The  parts  act- 
ing on  each  other  occupy  exactly  the  same  relative  positions 
when  the  reading  is  taken.  Another  is  that  it  contains  no  per- 
manent magnet.  The  field  established  by  such  is  liable  to  change, 
although  as  magnets  are  now  made  by  makers  of  reputation, 
there  is  little  danger  of  any  such  change.  Its  simplicity  and 
approach  in  action  to  being  an  absolute  instrument  are  also  ad- 
vantages. 

Sometimes  two  stationary  coils  are  used  of  different  number 
of  turns,  and  one  or  the  other  is  used  according  to  the  current  to 
be  measured. 

The  Instrument  should  be  set  up  so  that  the  0°  diameter  of  the 

.sra/e  coincides  with  the  ma^iveUc  meridian  of  the  earth.    This  pre- 

vents  it  from  being  acled  oi^  X^^  XXv^  ^■a.^XXC^  \x^^"^\^^\\^tss.. 

Rheostats.— An   ear\y   iotTci  ol  ^^^x-^XasY^^  ^^^  ^^s^  \^  ^^^^v 
^,  ,.,,        ,        i,^v     \\  \<i^  ^\s^\\s.  ^i^^!^^s!^%\^^\s^\$s:!^- 
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atories  It  consists  in  Ito  most  usual  type  of  construction  of  a 
hare  wire  often  of  Iron  or  German  sliver  wtiicli  is  wound 
around  a  eyiinder  IC  the  cylinder  is  of  metal — and  it  is  often  a 
piece  of  wrought  iron  pipe — It  must  be  insulated  from  the  wire 
Aahesloa  paper  is  a  good  material  for  this  purpose  The  wire  la 
wound  arounJ  it  with  the  turns  as  lIoso  to  each  other  as  po^ 
Bible  without  touching  each  other  One  end  of  the  wire  ia  ton 
nected  to  the  circuit  The  other  terminal  of  the  circuit  is  con 
nected  to  a  sliding  contact  which  latter  is  mounted  on  a  bar  so 
j  to  slide  longitudinally  up  and  down  the  cylinder  maklns  con 


tact  with  the  wire.  The  farlhcr  it  ia  placed  from  the  end  connect- 
ed to  the  circuit  terminal,  the  more  of  the  wire  will  be  thrown 
into  the  circuit;  and  the  greater  this  length  of  wire  is,  the  greater 
the  resistance  is  also.  As  deacrlbed.  the  wive  ia  hrought  into  the 
circuit  one  turn  at  a  time.  By  mounting  the  cylinder  so  as  to 
rotate,  the  wire  can  be  lirought  Into  circuit  a  fraction  of  an  Inch 
at   a  time. 

Many  varieties  of  the  rheostat  have  been  constructed. 

The  cut.  Fig.  477,  shows  a  very  delicate  rheostat  for  use  with  a 
potentiometer  or  similar  apparatus.     A  helical  Ita*  o^  'O&ft  ■«i^- 
/Bce  of  the  cylinder  shows  where  a  wire  \3  setaTfei.    '^'^'^  w».'»A 
screw  projecting  from  the  center  oE  tbe  ap-sjafaWft  w».^i:'-^^^  ^^  ^"'^''^ 
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which  has  a  contact  point  which  can  be  brought  in  contact  with 
any  part  of  the  wire.  As  shown  in  the  cut,  a  scale  is  seen  on  the 
left.  This  reads  one  division  for  each  turn  of  the  handle.  The 
screw  rising  from  the  center  is  of  the  same  pitch  as  that  fol- 
lowed by  the  wire  on  the  drum.  A  circular  scale  on  the  upper 
edge  gives  the  fractions  of  a  turn.  The  position  of  the  handle 
determines  the  point  of  contact  with  the  wire.  The  position  of 
this  point  brings  an  amount  of  the  wire  indicated  by  the  reading 
of  the  two  scales  into  the  circuit.    The  resistance  of  all  the  wire 

being  known,  the  resistance  of 
the  fraction  is  calculated. 

Resistance  Colls.— A  resist- 
ance coil  is  made  of  a  length 
of  insulated  wire  of  known 
resistance.  As  the  wire  may 
be  of  very  great  length,  it  is 
coiled  compactly.  To  avoid 
inductance  it  is  doubled  be- 
fore coiling.  The  current  goes 
through  one  half  of  the  coil  in 
one  direction  and  through  the 
other  half  in  the  other,  and 
the  two  inductances  counter- 
act each  other  almost  perfect- 
ly. Insulated  German-silver 
wire  is  a  usual  material  for 
the  coils,  as  its  coefficient  of  change  of  resistance  by  tem- 
perature variations  is  very  low.  Other  alloys  are  used  by 
different   makers. 

Resistance  Boxes. — A  quantity  of  such  coils  are  mounted  in  a 
single  box  called  a  resistance  box.  The  resistance  box  should  have 
the  following  qualities:  Accuracy  of  adjustment,  dependent  on 
the  individual  coils  being  correct,  and  small  sensibility  to  changes 
of  tomperature,  dependent  on  the  alloy  of  which  the  wires  are 
niado.  The  wire  should  be  double  silk-coated.  The  doubling  of 
tho  wire  and  its  connect loiv  lo  eo\i\a.^\-  \i\QQ.ka  on  the  top  of  the 

/)aY  /s  shown  in  Fig.  47S. 
The  wire  is  wound  on  apoo\a  ox  Te^\^.   ^m^  .i«i!^«^  ^  "^v^ 


Fig.  478.— Arbangbmient  op  Resist. 
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brass  reels  to  facilitate  cooling;  others  use  ebonite  or  paraffined 
wood  for  the  reels.  The  wire  is  liable  to  be  heated  by  the  pasHaga 
of  a  current,  and  it  is  this  heating  which  the  brass  reels  are  in- 
tended to  dispose  oC.  Wire  is  wound  on  each  coil  untii  the  desired 
resistance  is  attained,  the  last  correetions  are  applied,  and  It  1b 
then  steeped  in  melted  paraffin  wax.  The  resistance  of  a  wire  la 
changed  by  bending.  It  is  therefore  necessary  to  test  the  resist- 
ance of  the  coil  after  it  is  wound.  The  object  of  the  parafln 
wax  is  to  exclude  moisture. 

Resistance  Wire. — A  typical  composition  of  German  silver  is 
the  following:  Copper,  BO  parts;  zinc,  30  parts;  niekel,  20  parts. 
All  parts  are  parts  by  weight. 

The  resistance  of  the  wire  is  Increased  by  increasing  the  per- 
centage of  nickel.  The  wire  should  be  well  annealed  to  make  it 
as  soft  as  possible. 

The  British  Association  Standard  Ohm.— The  alloy  adopted 
for  this  standard  was  either  German  silver  or  an  alloy  of  two- 
thirds  silver  and  one-third  platinum  by  weight. 

Arrangement  of  Colls, — On  the  top  of  a  resistance  box  are 
seen  a  number  of  blocks  of  brass.  To  each  block  two  terminals 
are  connected  by  tapping  into  sleeves  or  into  the  undersurface  of 
the  block,  and  by  soldering.  One  Is  a  terminal  of  one  ooll,  and 
the  other  that  of  its  neighbor.  Grooves  are  made  in  the  vertical 
sides  of  the  blocks  facing  each  other.  These  are  accurately 
reamed  out  lO  fit  the  slope  of  brass  plugs  with  insulating  handles. 
Referring  to  Fig.  478,  it  will  be  seen  that  if  a  plug  is  inserted,  the 
coil  beneath  it  will  be  short-circuited  or  cut  out.  Numbers  mark- 
ed on  the  top  of  the  box  indicate  the  resistance  of  each  coll  below 
the  number.  The  resistance  of  a  box  with  the  plugs  out  is  equal 
to  the  sum  of  the  resistances  marked  on  its  top.    Frequently  there  | 

Is  a  pair  of  blocks,  which  if  unplugged  cut  out  the  whole  set  of 
coils.    This  Is  often  called  the  infinity  hole  or  plug.  I 

The  cut,  Fig.  479,  shows  the  top  of  a  modern  resistance  box.  I 
The  Wheatstone  bridge  box  is  merely  a  special  form  of  resistance  I 
box  with  the  coils  arranged  for  convenient   bridge  operations.  I 

The  order  of  resistances  of  the  coMa  \aT\e5  a-CCotftX-^t  'v-'i  '** 
Ideas  of  tbe  makers. 
JJbmeaa'a  Plaa  la  gne  of  the  oldest  attaD.s,eiB.eiiV'&  "i^  t^a\a'^-t»-"=*' 
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coils  in  a  resistance  box.  A  series  of  coils  are  arranged  between 
blocks.  The  successive  values  of  the  coils  are  1,  2,  4,  8,  16,  32, 
etc.,  as  far  as  desired.  By  plugging  between  all  the  coils,  the  re- 
sistances are  all  short-circuited.  By  removing  any  single  plug 
the  resistance  named  above  it  is  thrown  into  circuit.  Starting 
at  the  left,  taking  out  the  first  plug  throws  in  1  ohm;  taking 
out  the  second  throws  in  2  ohms,  giving  a  total  of  3;  taking 
out  the  third  also  throws  in  a  total  of  7,  and  so  on.  By  taking 
out  any  number  of  plugs,  whether  consecutively  or  not,  the  sum 
of  the  resistances  marked  will  be  thrown  into  the  series.     The 


-X. 


1000    100 10  \   10 ^100 1000_ 

1      2     2     5     10     10    20    60 


5000   2000   1000   1000   600    200   100    100 |  O 

CDCDCDCDCDOCDi 


Fig.  479.— Top  of  a  Whkatstonk  Bridge  Rbsjstancb  Box. 


combination  is  very  interesting,  but  it  is  obsolete,  as  it  does  not 
lend   itself  to  easy  decimal  summation. 

Modern  Arrangements. -The  following  are  approved  systems  of 
resistances  for  16-coil  boxes.  It  will  be  seen  that  any  number  of 
ohms  down  to  units  can  be  obtained  by  different  combinations: 

(a)  1,  2,  2,  5,  10,  10,  20,  50,  100,  100,  200,  500,  1000,  1000,  2000, 
5000. 

(7>)   1,  2,  3,  4,  10,  20,  30,  40,  100,  200.  300,  400,  1000,  2000,  3000, 
4000. 

fr)   1,  1,  3,  5,  10,  10,  SO,  ^Q,  \^Q,  \QQ,  '^00,  500,  1000,  1000,  3000, 

rjooo. 

The  easiest  way  to  plug  Viv  a  t^^K^V^tv.^  \^  \^^  ^V»^  ^\VV  ^^j^^ 
plugs  in  place.    A  glance  at  vae  tv^wx^  wwxv  <x 
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will  show  what  plugs  to  remove  to  make  the  sum  of  resistances 
thrown  in  equal  thereto. 

A  disadvantage  is  to  be  found  in  this  type  of  arrangement.  A 
plug  is  needed  for  every  coil,  and  when  a  number  of  coils  are 
cut  out,  a  quantity  of  plugs  equal  to  their  number  must  be  used. 
A  single  badly-placed  plug  will  introduce  unknown  resistance. 
The  trouble  is  emphasized  by  the  fact  that  this  last  is  most  apt  to 
occur  when  the  greatest  number  of  plugs  are  in  place.  This  is 
when  the  resistance  is  lowest  and  when  any  additional  resistance 
will  be  the  largest  per  cent  of  the  total. 


+  — 
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m    m    m    M    \^ 


■\^  ron  rv-q  ron  rv*/" 


/O  fO         fO         Af         fO  M         JO  /O         /O         /O 
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iititnMnitnrL 

Fig.  480.— Deoadb  Plan  of  Resistance  Box. 


/O 


The  Decade  Plan  is  an  improvement  that  has  been  recently 
Introduced.  The  diagram.  Fig.  480,  shows  one  of  the  arrange- 
ments. 

The  lower  set  of  coils  are  of  one  ohm  resistance  each  and  con- 
nected in  series.  Each  block  has  a  plug  groove  in  its  side  facing 
outward.  A  long  bar  of  brass  is  mounted  opposite  the  row  of 
plugs,  with  grooves  in  it  corresponding  to  those  in  the  blocks. 
The  next  row  of  coils  are  of  10  ohms  resistance  each,  and  are 
arranged  in  series  with  blocks.  A  long  brass  strip  is  provided 
for  them  also.  The  connections  for  the  circuit  are  marked  +  and 
—  in  the  diagram. 
In  the  above  arrangement  a  single  p\ufe  Vxi^exV^^  \xv  -s^.  \v5c\^  ^"f^^ 
tween  block  and  bar  will  give  any  value  Vxi.  a  ei^^-e^ei.^.    '^^xwe.  \.  ' 
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two  plugs  indicated  by  the  black  spots  give  35  ohms  resistance. 
No  more  plugs  than  these  two  are  ever  needed  for  this  box.  There 
is  less  danger  of  losing  plugs,  of  loose  contacts,  and  of  straining 
the  junction  of  the  brass  blocks  and  the  hard-rubber  box  top. 
The  latter  trouble  sometimes  leads  to  warping  the  rubber,  as  the 
plugs  are  forced  down  between  the  blocks.  The  decade  plan 
lends  itself  to  the  use  of  sliding  contacts,  either  on  a  straight 
line  or  arranged  dial  fashion.  This  substitute  for  plugs  is  com- 
ing into  use. 

The  number  of  coils  used  on  this  system  is  rather  large.    The 
Leeds  &  Northrup  Company  have  other  combinations,  of  which 

the  following,  Fig.  481,  is  an  ex- 

/  (/)  ample.    A  1-ohm,  3-ohm,  3-ohm, 

^AAAAAAAAA/^—  +       and  2-ohm  coil  are  arranged  in 

(2)4  ,  series  as  shown.    The  terminals 

\/yyy^/yyy^,yy^  are  indicated  by  +  and  — .    If 

1  1  and  5  are  connected,  the  resist- 

^'  JK^)  ^^^^  ^jjl   Y)Q  zero.     If   2  and  5 

InAAAAAAAAA/  are  connected,  only  1  ohm  will 

W)  J  £  ^e  left  in  circuit.    If  4  and  1  are 

\/\/\/\/\y\/\/\/\/\j^^^  —        connected,  2  ohms  will  be  left  in 

/^  circuit.     By  following  this  out, 

Fig.  481.— Decade  Plan  fob  i^  will   be  found  that  every  re- 

RE8ISTANCB  Box.  sistaucc  from  1  ohm  to  9  ohms 

can  be  given  by  these  four  coils. 
By  the  block  and  plate  arrangement  a  single  plug  does  all  the 
connecting  for  the  nine  values  of  the  four  coils. 

The  above  arrangement  takes  care  of  each  decade  with  only 
four  coils  and  one  plug  to  the  decade. 

Details    In    the    Construction   of    Resistance    Boxes.— The 

hard-rubber  surface  must  be  clean  to  avoid  a  diminution  of  re- 

Hlstance;    therefore  all  parts  of  the  rubber  must  be  accessible 

for  cleaning.    A  defect  in  some  constructions  of  resistance  boxes 

1"  that  the  surface  of  the  rubber  between  the  pairs  of  blocks  can- 

«»  conveniently  got  al  lox  Wi^  T^\si<iN^\  of  dust.    The  plugs 

TO  down  below  lYie  s\io\x\^^T  w  lo^  q?1  "Ctv^vc  \.'w^'e^\\s5^  ^^^^ 

•  pt  formation  oi  rieis^^Xi^  >«^^^\t.?.  ^^^  ^xV^nx^x.  ^%^\^^^ 

•A  contact  \)\ocVa. 
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Shellac  for  coil  Insulation  is  now  preferred  by  the  best  makers 
to  paraffin.  It  is  put  on  In  solntion,  dried  and  baked.  Wire  with 
a  low-temperature  coefficient  must  be  used  for  the  colls.  The 
baking  of  the  shellaclted  coils  tends  to  equalize  the  winding 
strains  and  to  artificially  age  the  wire.  Metal  spools  by  their 
better  cooling  powers  have  the  ettect  of  reducing  temperature 

Metal  Spools  are  made  by  Leeds  &  Northrup  In  two  parts,  be- 
ing divided  longitudinally.  The  halves  are  insulated  from  each 
other,  and  secured  together  by  rings  of  insulating  material  at 
top  and  tottom.  The  spool  Is  covered  with  sUh,  shellacked,  and 
wound  with  the  wire.  Each  half  of  the  tube  Is  connected  to  its 
own  contact  block  or  plate,  and  the  ends  of  the  wire  are  soldered 
each  to  ooe-half  of  the  spool.  Thus  there  are  no  long  ends  of 
wire  to  be  disposed  of,  and  connecting  the  spool  to  its  holding 
bolts  or  studs  connects  at  the  same  operation  the  ends  of  the 
coll. 

Practical  Notes.— The  plugs  must  be  perfectly  clean.  In  con- 
structing the  box,  the  taper  of  the  plugs  ifust  match  that  of 
the  holes.  Filing  and  rubbing  with  line  emery  paper  is  some- 
times recommended,  but  such  treatment  should  be  sparingly  used, 
as  it  will  tend  to  spoil  the  shape  of  the  plugs.  Burnishing  with 
the  hack  of  a  knife  Is  good.  In  Inserting  the  plugs  a  slight  twist 
should  be  given.  Never  touch  the  metal  part  of  a  plug  with  the 
fingers.  In  putting  in  or  taking  out  a  plug,  be  careful  not  to 
disturb  the  ones  next  to  it.  A  plug  from  one  box  should  not  be 
used  In  another  unless  it  has  the  same  taper.  A  well-arranged 
bridge  bos  will  answer  for  the  measurement  of  resistances  from 
1/100  ohm  up  to  1,000,000  ohms.  A  larger  size  with  10,000-ohm 
colla  may  extend  over  a  range  of  1/1000  ohm  to  10  meg-ohma 
(10,000,000  ohms) .  Thfcknesses  of  the  wire  for  the  different  colls 
are  given  thus: 

Colls  of        1  ohm No.  IS  to  21  B.W.G. 

Coils  of      10  ohms No.  20  to  29  B.W.G. 

Coils  of    100  ohms No.  25  to  U  B.^KG. 

Colls  of  1000  ohma TSo.^llo  !i>i -%?«  S^- 

A  high-class  resistance  box  or  WteatatO'tte  ^lT\&?.fc'^i'='"«- ■^■^'^^^ 
Its  top  lieted  off  and  turned  tipside  dO'MU  toT  Vm.^'^'^'^^^  '^^ 
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coils,  which  are  attached  to  the  top  and  are  lifted  with  it.  A 
damaged  coil  can  be  removed  and  another  put  in  its  place,  thus 
avoiding  the  necessity  of  sending  the  entire  box  to  the  makers. 

Wheatstone  Bridge  or  Bridge  Box.— This  is  a  resistance  box 
with  its  coils  so  arranged  that  the  connections  of  the  Wheat- 
stone  bridge  may  be  carried  out  with  it.  It  has  four  binding  posts 
for  the  end  and  galvanometer  connections.  It  has  already  been 
shown  in  Fig.  479. 


Pig.  482.— Diagram  of  Wheatstonb  Bridge. 

The  Wheatstone  Bridge  is  an  apparatus  for  determining  the 
resistance  of  a  conductor. 

If  a  conductor  carrying  a  current  is  divided  into  two  parallel 
conductors  for  a  portion  of  its  length,  the  following  law  will 
always  exist:     For  every  point  on  one  of  the  j)arallel  conductors 
there  will  always  be  a  corresponding  one  on  the  other,  between 
which,  if  they  are  electricaWy  coia^i[i^c\.e^,  tvc>  ^n^wsi^X.  ^\J\  ^^sa. 
Let  the  Wheatstone  bridge  \ie  xe^Tes^exvl^^  \s^  ^  ^N5«sss.^^,^\v 
482,   with  opposite  pomts  eoxvxveeled.    \.^^  ^>^^  ^^^-^  ^^^  ^'^^^^ 
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bridge  be  designated  by  a,  ft,  c,  and  d.    If  no  current  flows  through 
the  wire  indicated  by  g,  the  proportions  will  hold: 

a  :  h  ::  c  :  d  and   a  :  c  ::  b  :  d. 

In  a  proportion  if  three  of  the  quantities  are  known,  the  fourth 
one  can  always  be  found  by  the  arithmetical  "rule  of  three."  If 
therefore  any  three  of  the  resistances  are  known,  and  if  no  cur- 
rent passes  through  g,  the  fourth  or  unknown  resistance  can  be 
calculated  by  the  rule  of  three. 

Suppose  that  an  unknown  resistance  is  to  be  determined.     It 


Fia.  483.— SlMPIiS  Whs^^tstonb  Bridgb. 


is  placed  in  the  bridge  connection,  at  d  it  may  be;  theoretically, 
the  place  is  indifferent.  The  current  goes  through  it,  and  it  must 
constitute  the  entire  resistance  of  the  arm  d.  Known  resistances 
are  put  in  for  a  and  b.  Suppose  they  are  a  ^  100  ohms  and  b  = 
5  ohms.  Then  one  resistance  after  another  is  tried  at  c  until  no 
current  passes  through  g.  Suppose  that  this  was  57  ohms.  We 
then  have  the  proportions: 

100  :  5  : :  57  :  a?  or  100  :  57  : :  5  :  a? 
from  either  of  which  we  find  that 

X  =  2.85  ohms. 
Tills  IS  the  law  of  the  Wheatstone  bridgek    ^^i^  ^vfii^i^^^^^  ^s*^ 
of  the  most  used  in  electrical  work.    To  aa<i««ta\»-  VaP^o^  ^^  ''^^ 
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rent  passes  through  g,  a  sensitive  galvanoscope  may  be  used.  It 
need  not  be  a  galvanometer,  that  is  to  say,  it  need  not  be  a  meas- 
urer of  current;  it  is  enough  if  It  shows  the  presence  of  a  current. 
It  must  be  sensitive,  as  the  slightest  current  must  be  Bhown  by 
it  if  it  exists. 

Fig.  483  gives  a  perspective  view  of  a  simple  bridge  to  demon- 
strate the  principle. 

Operation  of  the  Wheatstone  Bridge. — It  may  be  operated  on 
two  principles.  One  of  the  resistances  only  may  be  changed  until 
no  current  passes  through  the  galvanometer  connection,  or  two 
of  the  connections  may  be  changed  simultaneously,  one  being 
increased  as  the  other  is  diminished.  The  latter  method  is  used 
in  a  form  called  the  meter  bridge  originally,  but  since  its  first  use 
modified  in  various  ways,  so  that  it  is  no  longer  a  meter  bridge. 
The  name  meter  indicated  that  two  of  the  limbs,  a  and  b  for  in- 
stance, are  one  meter  in  length  when  taken  together,  being  rep- 
resented by  a  single  straight  wire. 

Another  thing  to  be  noted  is  that  it  is  only  necessary  to  know 
the  value  of  one  of  the  three  resistances.  If  the  proportional 
value  of  the  other  two  to  each  other  is  known,  it  is  sufllcient. 

What  is  known  as  a  Wheatstone  bridge  is  usually  a  box  filled 
with  resistance  coils  and  with  connection  points  or  binding  posts 
representing  the  points  of  the  diamond.  If  the  cut,  Fig.  479 
representing  the  horizontal  plan  of  a  bridge,  be  examined,  it  will 
be  seen  that  the  points  of  connection  of  the  wires  from  the  bat- 
tery represent  the  ends  of  the  diamond.  The  galvanoscope  is  con- 
nected to  points  representing  the  top  and  bottom  of  the  diamond. 
The  loose  wire  running  from  the  right-hand  binding  post,  where 
the  galvanometer  is  connected  to  the  battery  connection,  is  the 
wire  whose  resistance  is  to  be  measured.  By  putting  in  and 
taking  out  plugs,  the  relations  of  the  resistances  can  be  varied 
until  the  galvanoscope  reads  zero. 

Null    riethod.— One  great  advantage  about  the  bridge  method 
is  that  the  galvanoscope  reads  zero  always  when  the  resistance 
Is  determined.     A  calibialed  \ii^\.T\mi^iit  ia  not  needed.     It  is 
what  is  called  a  null  method. 
The  neter   Bridge  Yiaa  \ieeu  u^e^  ^^^  ^^^  ^^"^"^  ^^\5a.\fe  -t^ 
searches.   The  cut.  Fig.  4^4,  sVio^slue  Q,oTvTv^^^-^^^ 
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istic  part  from  which  it  tal;es  its  name  la  the  wire  in  this  in- 
strument stretched  three  times  along  Its  front.  This  wire  repre- 
sents two  of  the  arms  of  the  bridge.  A  sliding  piece  K  moves 
along  it,  and  by  depressing  a  key  connects  the  conductor  from 
the  galvanometer  to  the  wire.  This  point  represents  the  top  or 
bottom  of  the  diamond.  The  position  of  the  point  read  ofC  on 
the  scale  gives  the  ratio  of  resistance  of  the  two  sides  represented 
by  the  stretched  wire.  By  using  one  or  the  other  of  the  three 
leads  of  the  stretched  wire,   or  by   using  two  or  three  of  them 


Fid.  484.— Meter  RnmaE. 
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simultaneously,  all  sorts  of  proportions  hetwepn  the  parts  to 
right  and  left  of  R  can  be  brought  about  The  known  and  tin- 
known  resistance  represent  the  other  legs  of  the  diamond,  and 
the  point  where  ths  other  conductor  from  the  galvanoscope  is 
connected  Is  the  end  of  the  diamond.  The  small  flgnre  shows  the 
contact  piece  which  is  moved  along  the  wire,  I 

Bridge  Key. — ^In  using  the  bridRe,  Ihe  current   is  only  turned        \ 
on  momentarily  for  each  trial  adjustment,  until  the  vstci  T^sAS-^t      i| 
/s  reached.     This   would   set    the   gaWanOBCD?^   a-nVtv^VR?,.  n-«Na.t 
to  the  irapaclty  of  ihe  elements  of  the  brtftge  ot  ol  Wft  t«^i»E^W*^ 
>r  to  the  capacity  or  Inductance  of  the  uTiVjio-«'tt  t'eaV*'"®^- 
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key  is  used  which  makes  two  contacts  in  succession.  The  first 
connects  the  battery  with  the  bridge  circuits,  and  the  second 
brings  the  galvanoscope  into  its  circuit.  Thus  in  the  cut.  Fig. 
482,  when  A  is  depressed,  it  first  makes  contact  with  B,  thus 
bringing  the  battery  and  the  four  arms  of  the  bridge  on  closed 
circuit.  This  instantly  charges  all  parts  and  expends  any  induct- 
ance. A  further  depression  of  the  key  brings  A,  B,  and  C  in  con- 
tact, which  operates  to  throw  the  galvanoscope  into  its  proper 
circuit  across  the  diamond.  Two  separate  keys  may  be  connected, 
so  as  to  effect  the  same  result. 

Shunt  to  the  Galvanoscope. — This  is  sometimes  used  to  di- 
minish its  sensibility  for  the  first  trials.  As  the  work  approaches 
its  finish,  the  shunt  key  is  opened,  allowing  the  galvanoscope  to 
operate  with  its  full  degree  of  sensitiveness.  In  the  cut.  Fig.  482, 
the  shunt  is  indicated  by  s  and  the  shunt  key  by  k. 

Proportional  Colls. — ^This  term  is  applied  to  the  arms  of  the 
bridge  opposite  to  the  unknown  resistance  and  the  arm  in  series 
with  it.  Thus  in  Fig.  482  if  c  or  d  represents  the  unknown  re- 
sistance, a  and  b  are  the  proportional  coils. 

Galvanoscope. — Although  this  term  has  been  used,  the  gal- 
vanoscope actually  employed  is  a  galvanometer  in  most  cases,  and 
a  highly  sensitive  reflecting  instrument  is  adopted  for  delicate 
work.  As  a  galvanoscope  the  telephone  receiver  is  sometimes 
employed. 

Conditions  of  Sensitiveness.— The  galvanometer  must  be  sensi- 
tive. On  inspecting  the  diagram.  Fig.  482,  on  page  632,  it  will 
be  seen  that  the  battery  and  galvanometer  can  be  interchanged. 
The  one  which  has  highest  resistance  should  be  placed  so  as  to 
connect  the  junction  of  the  two  arms  of  highest  resistance  with 
the  junction  of  the  two  arms  of  least  resistance.  Thus,  if  the 
resistances  are  a  =:  1  ohm,  6  =  100  ohms,  c  =  4  ohms,  and  d 
=  400  ohms,  the  higher  resistance  apparatus  or  appliance,  whether 
it  is  battery  or  galvanometer,  should  connect  the  junction  of 
a  and  c  with  that  of  6  and  d.  The  galvanometer  will  almost  al- 
ways  have  the  higher  resistance.  With  galvanometers  equal  in 
-ill  other  respects  except  m  \3[ve  Wv\e>sxv^^  ^\^^  \^\^^\!a.  of  wire 
Ending,    the   resistance  tor   ^x^^t^^  ^^..^vvv^^-^^'^  ^'^x  >«^  ^- 

,ed  by  the  following  e^pxes^Vox.,  x^l^xxVx.^  ^^  ^v^.  ^^v. 
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(a+  6)   (c  +  d) 

a  +  h  -\-  c  -\-  d 
This  is  not  a  practical  consideration,  as  the  galvanometer  cannot 
be  changed  for  every  new  testing. 

Direction  of  Deflection.— The  galvanometer  will  deflect  one 
way  for  one  change  of  relative  resistances  and  the  reverse  way  for 
the  other  change.  This  will  hold,  only  for  the  identical  battery 
connections.  It  is  recommended  by  some  to  mark  upon  the  work 
table  some  indication  for  these  deflections.  Then  by  noting 
whether  it  is  to  left  or  right,  the  operator  will  know  whether  to 
increase  or  diminish  the  given  resistance.    Ordinarily,  it  will  be 
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Fig.  485.— Principle  of  the  Potentiometer. 


one  resistance  that  will  be  varied.    The  others  will  be  plugged 
in  and  left  untouched,  perhaps  for  a  number  of  tests. 

The  Potentiometer  is  an  apparatus  for  measurement  of  resist- 
ances, current  strengths,  and  potential  differences.  It  has  ac- 
quired in  late  years  most  extensive  application.  Modern  electric 
measurement  practice  tends  or  should  tend  in  the  direction  of 
null  methods.  The  potentiometer  uses  one  of  these.  A  reflecting 
galvanometer  may  be  and  generally  is  used  with  the  potentiom- 
eter. Its  function  is  simply  as  a  galvanoscope,  just  as  in  the 
Wheatstone  bridge  method.  When  it  shows  no  potential  differ- 
ence, the  reading  of  the  resistance  co\\^  ?\n^^  \Xv^  ^^'sjvsW  ^"^  "<^5^^ 
experiment. 

Friaciple  of  the  Potentiometer  .-^Ixv  Y\^.  ^^^  ^  ^^  ^\i^^^^ 
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giving  a  constant  current,  R  is  an  adjustable  resistance,  A  B  is  a 
resistance  divided  into  150,000  parts,  and  by  movable  contacts 
M  M'  different  lengths  of  it  may  be  thrown  into  parallel  with 
the  circuit  containing  the  galvanometer  G  and  at  B  a  battery 
not  shown  in  place,  because  various  cells  are  used  there,  E  indi- 
cating the  binding  posts  for  connecting  them.  For  general  re- 
quirements the  drop  between  M  and  M'  must  be  at  least  1.5  volts 
under  the  action  of  the  main  battery  W,  which  is  not  a  standard 
one. 
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Fig.  486.— Potenttombter  Connections* 


The  standard  cell  is  introduced  at  E,  and  the  points  E  and  E' 
are  so  set  that  the  number  of  divisions  of  A  B  included  between 
them  represents  the  voltage  of  the  standard  cell.  Suppose  this 
vo.tage  to  be  1.434,  then  M  and  M'  should  include  1,434,000  di- 
visions of  A  B  between  them.  The  resistance  at  R  I's  now  varied 
until  the  galvanometer  G  shows  a  zero  reading.  For  the  stand- 
ard cell  there  is  substituted  a  cell  whose  electromotive  force  is  to 
be  determined.  The  distance  between  M  and  M'  is  adjusted  jintil 
the  galvanometer  again  reads  zero.  The  direct  reading  of  the 
divisions  gives  the  voltage  ol  \)Q.e  ceW. 
This  merely  gives  the  pTmei^\^.    \^  ^^%.  ^a*'^  ^^^  ^^^^;^  ^;;^'^  ^^ 
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the  diagram.  A  double-throw  switch  throws  it  into  circuit  with 
the  standard  battery  S  or  the  battery  to  be  tested,  connected  at  E. 
The  drop  against  which  the  standard  cell  S  is  balanced  is  the 
fixed  resistance  R  s.  By  varying  the  resistance  R,  the  zero  read- 
ing of  the  galvanometer  is  secured  with  the  connections  shown 
in  the  diagram.  The  double-pole  switch  is  then  thrown  to  the 
right  and  M  M'  adjusted  until  a  zero  reading  is  obtained.  The 
divisions  of  A  B  included  between  M  and  M'  give  directly  the  volt- 
age of  the  cell  at  B.  R  s  is  chosen  of  such  resistance  as  to  secure 
this  relation. 
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Fig.  487.— PoTBNTiOMKTBii  Connections. 


Another  development  is  shown  in  Fig.  487,  which  approaches 
more  closely  than  the  last  to  the  conditions  of  Fig.  485.  The 
standard  cell  connects  at  fixed  points  on  A  B  distant  a  number 
of  divisions  expressing  as  before  its  voltage.  The  cell  to  be 
tested  is  connected  by  a  right-hand  movement  of  the  switch,  and 
its  voltage  is  determined  as  before  for  M  M'. 

High- Voltage   Determinations  with    the   Potentiometer.— If 
the  voltage  to  be  determined  exceeds  that  of  the  standard  cell  con- 
siderably, resistance  is  put  in  series  -srVIY^  \>ci^^  c.^\  'vsi  ^^'^  \5«^^^' 
ConnectJons  to  E  are  taken  from  kiio^n  eLVN\«»\QW^  ^1  >Ca^  x^'^^'^'^ 
Thus,  suppose  a  30-volt  battery  v^qiq  Xq  \)^  m^^^'^^'^^^  ^'^'^ 
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twenty  times  the  capacity  of  tlie  instrument.  The  battery  would 
be  connected  through  a  resistance  which  might  be  1,000  ohms. 
Taps  from  portions  of  the  1000-ohm  resistance,  including  50 
ohms  between  them,  would  be  connected  to  E.  The  reading  be- 
tween M  and  M'  multiplied  by  20  would  give  the  voltage  of  the 
battery. 

In  Fig.  487a  the  source  of  electromotive  force  which  is  to  be 
measured  is  connected  at  E.  M.  F.  By  means  of  the  switch  N 
different  portions  of  the  resistance  Q  Q'  can  be  connected  to  the 
potentiometer  at  P.  For  a  high  electromotive  force  the  fraction 
E  Q'  of  the  resistance  could  be  connected,  giving  a  fraction  of 
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Fio.  487rt.— ITion-Voi.TAOE  Connections  for  PuriMTioioffrBR. 


the  electromotive  force  expressed  by  the  quotient  of  the  entire 
resistance  divided  by  the  resistance  E  Q'.  For  less  electro- 
motive forces  the  switch  N  is  swung  so  as  to  connect  with 
D  or  with  C. 

Current  Measurement  with  the  Potentiometer. — The  current 
Is  passed  through  a  standard  low  resistance.  The  drop  between 
its  ends  is  determined  by  connecting  branches  from  its  ends  at  E. 
Knowing  the  drop  and  the  resistance  in  which  such  drop  occurs, 

E 


the  current  is  calculated  by  Ohm's  law  I  = 


R 


To  determine  resistance  by  l\ve  ^ol^wUometer,  the  conductor 
under  trial  is  put  in  series  m\.\i  2lV.^o>«w  \^'a\'&V"ax^^^,  ^\i^  ^\»J.- 
tery  is  connected  in  the  c\tcu\l.    T\i^  ^^^^^^^^  f'tt^l^X". 
^  ends  of  the  known  re^Vsta^ee  ^^  ^eV..m^-^.-^^-^^-^-^- 
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the  current  strength.     The  potential  difference  between  the  ends 
of  the  conductor  under  trial  is  next  determined.    As  the  current 
strength  is  supposed  to  be  the  same  as  before,  the  resistance  of  the 
conductor  is  determined  by  the  relative  drop. 
Should  there  be  any  apprehension  that  the  current  strength  has 


^^ 


FiQ.  488.— Resistance  Determination  by  Potentiometer. 


changed  between  the  two  determinations,  it  is  only  necessary 
to  make  new  determinations,  and  if  there  is  only  a  slight  dif- 
ference the  average  may  be  taken.  In  order  to  secure  a  virtually 
constant  current  put  good  resistance  in  series  with  the  battery 
and  two  working  resistances. 

The  connection  is  shown  in  Fig.  488. 


CHAPTER    XXXVL 

ELECTRICAL  ENGINEERING  MEASUREMENTS. 

Voltmeter  ileasurement  of  Resistance,— The  following  is  a 
quick  method  of  measurement  with  simple  appliances.  A  known 
resistance  and  voltmeter  are  all  that  are  needed. 

Referring  to  the  diagram,  Fig.  489,  D  E  is  a  source  of  current 
supposed  to  be  constant  during  the  time  of  the  experiment,  r  is 
a  known  resistance,  and  R  is  an  unknown  resistance,  which  is  to 
be  determined.  The  voltmeter  V  is  first  placed  across  the  ter- 
minals of  one  resistance,  say  of  r,  as  shown,  and  its  deflection 
giving  the  drop  or  voltage  is  noted.  It  is  then  connected  across 
the  other  resistance — in  this  case  it  would  be  the  unknown  one 
R — and  its  deflection  also  noted.     Suppose  that  for  R  the  deflection 

is  E,  and  for  r  is  e.    We  then  have  E  :  e  : :  R  :  r,  or  R  =  T  ^ 

e 
Voltmeter  and  Ammeter  Determination  of  Resistance. — Sup- 
pose that  we  have  a  voltmeter  and  an  ammeter,  but  no  known 
resistance.  Then  we  place  the  ammeter  in  circuit  with  the  un- 
known resistance,  and  then  connect  the  voltmeter  across  the  ter- 
minals of  the  unknown  resistance.  The  diagram.  Fig.  490,  shows 
the  connections.  E  is  the  source  of  current,  A  is  the  ammeter. 
V  is  the  voltmeter,  and  R  is  the  unknown  resistance.    By  Ohm's 

law  we  have  R  =  zL.    The  ammeter  reading  gives  I,  the  voltmeter 

reading  gives  E;  the  quotient  of  E  divided  by  I  gives  the  resist- 
ance of  the  conductor  R  in  the  diagram. 

Low-Resistance  Measurements. — With  a  milli-voltmeter  low 
resistances  can  be  measured  by  the  above  method.    The  diagram, 
Fig.  491,  shows  it  applied  to  mea^\\.T*m?»  XXi^  T'&^\'sXscw5fe  ^1  the  ar- 
mature of  a  dynamo  or  motox. 
The  terminals  from  tte  cltwVV  <.«i^^\^V^%  ^^'^  '^^^'^  ^  '^^- 
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t  E  and  ammeter  A  are  connected  to  oppoaite  bars  of  tlie  com- 
r  through  the  brushes,  or  directly  by  being  pushed  under 
the  brushes  between  them  and  the  commutator  bars.  With  the 
mi  Hi-voltmeter  m,  V  connected  as  shown,  the  reaiatance  of  the 
armature  can  be  measured,  using  the  formula  given  in  the  last 
example. 

High -Resistance  Measurements. — For  high-resistance  measure- 
ments the  plain  voltmeter  may  be  used.  Its  resistance  must  be 
iinown,  and  figures  as  the  known   resistance  r.     The  diagram. 


Fig.  492,  shows  the  arrangement  of  the  apparatus.  E  is  the 
source  of  current,  R  is  the  unknown  resistance,  V  Is  the  volt- 
meter of  the  resistance  r.  and  K  is  a  switch.  The  voltage  E 
through  r  is  given  when  the  switch  is  closed ;  the  voltage  B' 
through  R  -I-  r  in  aeries  when  the  switch  is  open.  E  is  Kreater 
than  W.  The  unknown  rpslstance  R  is  given  by  the  formula 
B  — E' 


Una    lasutatloa   Tests.— The  above  meV\vQ6-  as.  ws*^'^'**^ 
active  higb-potential  line  to  determiTie  Ws  \\i&-u\a-V^«^- "^^  "■" 
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Figs.  493  and  494.     It  is  used  to  detect  a  ground.     The  voltmeter 
is  connected  with  one  terminal  grounded  first  to  one  lead  and 
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Fig.  491.— Dbtermination  of  Low 
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Fio.  400.— youwsTVB  Mbasurb- 
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then  to  the  other  line.  If  the  line  is  dead,  a  hattery  can  be  put  in 
circuit  with  the  voltmeter.  Let  E  be  the  difference  in  potential 
between  the  lines,  and  E'  the  difference  in  potential  between  one 
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Ftos.  493  AND  494.~LiWE  Twbxtlatton  Tests. 

line  and  the  ground.     Then  calling  R  the  line  insulation  and 
the  known  resistance  of  the  voltmeter,  we  have: 

Rail  -  Joint  Te8t.-Tlie  resVst^uc^  ol  ^^v\  ^^"^^"^^  ^-^  «-  -"^^^ 
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tant  factor  in  electric  railroad  practice.  With  a  sensitive  gal- 
vanoscope,  such  as  a  milli-voltmeter,  reflecting  galvanometer,  or 
telephone  receiver,  it  can  be  determined  thus: 

Wires  are  secured  to  the  rail  just  over  the  ends  of  the  bond, 
or  within  a  short  distance  of  the  joint  and  inside  the  limits  of 
the  bond.  They  are  connected  to  the  galvanoscope  as  shown  in 
Fig.  495.  The  rail  joint  represents  one  arm  of  a  Wheatstone 
bridge,  the  wire  A  B  represents  another  arm,  and  the  cross  con- 
nection is  made  up  of  the  galvanoscope  and  the  two  wires  con- 
nected with  it.  From  the  point  B  another  wire  is  taken,  and  is 
moved  along  the  rail  on  the  other  side  of  the  joint  until   no 


wwwv 


Fig.  495.— Rail  Joint  Test. 


sign  of  current  can  be  discerned  in  the  galvanoscope.  By  the 
principle  of  the  Wheatstone  bridge  the  resistance  of  the  joint  is 
equal  to  that  of  the  portion  C  D  of  the  rail.  Twelve  inches  is  a 
usual  distance  for  the  space  including  the  joint.  The  current 
passing  in  the  rail  from  the  operation  of  the  road  is  the  current 
which  is  used  in  the  experiment.  It  may  be  necessary  to  protect 
the  galvanoscope  by  resistances.  If  so,  they  must  be  placed  as 
shown.    A  couple  of  keys  as  indicated  are  convenient  also.   ThA 

resistance  of  the  joint  Is  expressed  as  -^^ .  ^\i\^  ^-^^"a*  >Cs^^\sxisg^ 
of  rail  equai  in  resistance  to  a  joint. 


/leasuremeat  of   Insulation    Ueftok^e.— Mv  V£^w^aJ^^^ 
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cable  represents  a  condenser  or  Leyden  jar.  The  insulation  is  the 
dielectric,  or  a  part  of  it.  If  the  cable  is  an  aerial  one,  the  air  is 
also  part.  If  the  cable  is  sheathed,  the  metal  sheathing  repre- 
sents the  outer  coating.  Otherwise  the  earth  or  moisture  on  the 
cable  may  be  representative  of  the  outer  coating.  The  inclosed 
conductor  represents  the  inner  coating.  It  can  be  charged  just 
like  any  condenser.  A  definite  quantity  of  coulombs  or  micro- 
coulombs  of  electricity  at  a  definite  potential  can  be  charged  upon 
the  metal  surface  of  its  conductor  if  both  ends  are  disconnected 
from  everything,  leaving  the  conductor  insulated.  If  so  charged 
and  left  to  itself,  the  charge  will  slowly  leak  out,  owing  to  im- 
perfect insulation.  The  resistance  of  the  insulation  determines 
the  time.  The  value  of  the  insulation  in  megohms,  R  meg.,  per 
mile  is  given  by  the  following  formula.  In  it  C  is  the  capacity 
in  microfarads  per  mile  of  the  cable,  B  the  potential  of  charge  at 
the  beginning  of  a  certain  number  of  seconds  T,  and  e  the  poten- 
tial at  the  expiration  of  that  period.  Then  the  resistance  is  given 
by 

26.06 


R  meg.  = 


Clog  J? 
e 


Insulation  leakage  varies  with  this  resistance,  which  is  called 
the   insulation  resistance. 

Insulation  Resistance  of  a  Metal -Sheathed  Cable. — This  is 
the  resistance  between  the  wires  and  the  sheath  in  a  given  length 
of  cable.  If  it  contains  a  quantity  of  wires,  they  are  bunched  at 
one  end  for  the  test,  or  for  special  purposes  the  wires  may  be 
tested  individually.  The  diagram,  Fig.  496,  gives  the  theory  of 
the  connections.  One  wire  is  connected  to  the  sheathing  oi  the 
cable,  one  is  connected  to  the  bunched  end  of  the  wires;  a  special 
switch  V  is  in  parallel  with  the  galvanometer  G  and  shunt  S. 
Thus  the  connections  are  the  same  as  in  a  Wheatstone  bridge, 
with  the  exception  that  the  switch  has  been  introduced,  and 
that  the  insulation  between  wires  and  sheath  in  the  cable  takes 
the  place  of  the  unknown  resistance  of  the  bridge.  A  battery  B 
nd  known  resistances  0  and  "R.  eom^X^t^  ^^^  «^^\5jsai, 

l^efore  closing  the  circuit  \>y  coiiii^^\.VTi%  \Xi^  ^Vwi  Va  xjas^  ^afisSss^ 
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iheath  or  bunph  of  wires  the  bwitch  K  is  closed  Tlien  the  con- 
n«<.tions  are  omyleted  and  the  battery  chargps  the  cable.  This 
sudden  rush  of  current  does  not  affect  the  galvanometer  aa  it  goes 
almos  entirely  through  the  switch  The  switch  is  now  opened, 
and  the  galvanometer  deflection  after  It  has  gtood  a  few  minutes. 
Is  iiotel  To  keep  the  deflections  within  proper  limits  the  shunt 
S  may  have  to  be  adjusted  The  batterj  must  give  the  voltage 
used  in  determining  the  constant 

If  the  same  shunt  has  been  used  aa  waa  employed  In  deter- 
mining tlie  constant    tbe  galvanometer  constant  divided  by  the 


Fig.  490.— TNanniTioN  RBaiSTATrcH 


deflection  gives  the  mes-ohms  resistance  of  the  insulation  of  the 
cable  tested.  If  a  different  shunt  has  been  employed,  multiply  the 
result  by  the  multiplying  value  of  the  original  shunt  and  divide 
by  the  multiplying  value  of  the  shunt  used  in  the  test. 

The  first  deflection  of  Ihe  galvanometer  la  not  noted.  An  extra 
quantity  of  electricity  flows  into  the  cable  at  ilrst.  After  stand- 
ing a  minute  the  reading  Is  Renerally  aasumed  to  be  correct.  The 
slow  absorption  of  elRctrtcify  is  termed  electrification. 

Suppose  (hat  with  a  galvanometer  shunt  of  ff/SflB,  the  constant 
of  25,000  was  fletermined.  and  that  iTslng  the  same  constant  and  of 
course  the  same  voltagp  on  a  cable  insmattati,  ttit  ^?a,\iws.'S(si!*s5t 
deSection  was  too  small  to  be  accTiTa^aV-^  -cc^^.    ?i«^-'fi«w.  ''^^  "^ 
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vanometer  shunt  had  to  be  changed  to  g/99  and  that  a  deflection 

of  55  resulted.    The  insulation  resistance  would  be  ^^^  v  i^-        i 

55     ^  100  '"         f 
454.6  meg-ohms.  I 

What  is  wanted  is  often  the  meg-ohms  of  insulation  resistance 
per  mile.  In  such  case  the  meg-ohms  found  are  multiplied  by 
5,280  and  divided  by  the  length  in  feet  of  the  piece  of  cable  tested. 

Telephone  cables  show  from  1,500  to  2,500  meig-ohms  per  mile. 

Determination   of  Capacity   of  a  Cable.— When  the  capacity 
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Fig.  497.— Capacitt  Test. 


Fig.  498.— Determination  of  Capacitt  of  a 

Ca  BliE. 


of  a  cable  is  to  be  determined,  the  ballistic  galvanometer  is  used, 
and  a  standard  condenser.  A  galvanometer  shunt  will  ordinarily 
be  needed  unless  the  standard  condenser  and  line  to  be  tested  have 
capacities  rather  close  together. 

The  cut.  Fi.c:.  407,  shows  the  determination  of  the  throw  due  to  a 
standard  capacity,  which  for  telephone  cables  would  be  about  1/10 
microfarad.  Seven  or  eight  cells  of  battery  may  be  used.  C  is 
the  c^fandard  condenser,  B  the  battery.  G  the  ballistic  galvanom- 
ptor.  On  deprossipc:;  t\\e  V.^^  \\v^  ccm^^w^^T  V9>  eharsed;  15  or 
20  f^ornndf;  mav  bo  allowet\  ^ot  \\\\^.   '^Xv^xv  W^. V^tj  \^^tsSAs8^^ 

^e  terminals  of  the  cont\ex\seT .    ^^^  ^^^^ 
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through  the  galvanometer  and  the  deflection  which  i^  an  la 
stautaneous  throw  only  Is  noted  Next  for  the  terminals  oL  the 
condenser  are  substituted  conneLtlons  to  the  wire  in  a  able  and 
to  the  outer  metallic  sheathing  of  the  same  The  distant  ends  of 
the  wires  are  disconnected  from  thp  sheath  and  from  the  ground 
The  operations  are  repeated  and  the  throw  of  thf  galvanometer 
is  again  noted.  The  throw  due  to  the  discharge  of  thP  cable  le 
divided  hy  that  due  to  the  dlanharge  of  the  condenser  and  the 
quotient  Is  multiplied  by  the  capacitj  of  the  condenser  The  re- 
sult is  the  capacity  of  thy  cable 

The  connections  for  a  capacity  testing  apparatus  are  shown 
in  the  cut.  Fig.  49S.  G  is  thp  gaUanometer  S  ita  shunt  C  the 
standard  condenser,  V  a  double-poie  switch  K  K  discharging 
switches,  and  B  the  ba(ter> 

The  switches  K  K  are  deprebied  on  their  lower  connections 
This  brings  the  battery  In  circuit  with  the  condenser  Tho 
latter  should  be  arranged  so  that  various  capacities  can  be  ob- 
tained from  It.  The  battery  now  is  allowed  to  tharge  the  con 
denser  for  15  or  20  seconds  when  the  keys  KK  are  released  and 
the  throw  of  the  galvanometer  is  noted  The  double-pole  switch 
V  is  now  thrown  to  the  right  This  substitutes  the  cable  to  be 
tested  for  the  condenser  The  switches  K  K  are  again  depressed 
for  15  or  20  seconds  and  suddenly  released  and  the  throw  of  the 
galvanometer   again   noted 

If  the  shunt  t"ad  to  be  user!  the  multiplying  power  used  for  the 
cable  is  divided  by  that  used  for  the  condenser  and  the  figure 
obtained  as  described  on  page  618  is  multiplied  bj  this  quotient 
to  gel  the  capacity  of  the  cable 

The  capacity  of  a  cable  affects  its  use  in  telephonj  the  greater 
its  capacty,  the  more  poorly  will  it  work  An  interesting  appli 
cation  of  the  test  is  Involved  in  the  determination  of  a  break  in 
the  conductor  of  a  cable  It  is  only  applkable  In  caies  where 
there  is  high   Insulation  re&istani-e — -a  megohm  at  least 

The  caparlty   of  the  broken   wire  or   conductor  is   determined 

first  from  one  end  of  the  cable,  and  then  from  the  other  end.    U, 

}s  perfectly  evident  that  the  capacities  ol  \.\ie  t«)a  \ia.TXa  ■»'^  -*'»s^ 

as  tb-eJr  lengths.     A  simple  proptiTtion  -wm  s\Ne  Vtvft  \cD.^a^'&- 

Tbag.  call  ^  the  distance  to  the  breafe.  ttom  «»&  <«>*■•  ^-^-^^ 
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capacity  of  this  part,  K'  the  capacity  of  the  other  part,  and  a—x 
the  distance  to  the  break  from  the  other  end.  Then  we  have  the 
proportion : 

K  :  K'  ; :  a?  :  a  —  x 

K'x  =  Ka  —  Kx 

(K'  +  K)  x  =  Ka 

K  a 

If  there  is  a  good  wire  in  the  cable,  this  can  be  used  to  avoid 
the  necessity  of  carrying  the  instruments  from  end  to  end  of  the 
line.  Deflections  are  obtained,  d  for  the  near  section  of  broken 
wire,  d'  for  the  good  wire,  and  d"  for  the  good  wire  connected 
to  the  distant  broken  section,  which  last  gives  the  sum  of  the 
deflections  due  to  the  good  wire's  and  distant  section's  capacities. 
Hence  the  capacity  of  the  two  sections  of  broken  wire  is  d"  — 
d'  +  d.  As  before  let  x  be  the  length  of  the  near  section  and  o 
the  total  length  of  the  wire.  Then  the  deflections  being  propor- 
tional to  the  capacities,  and  consequently  to  the  lengths  of  the 
wires,  we  have: 

d"  —  d'  -\-  d  :  d  ::  a  :  X 

a  d 

X  ^  . 

d"  —  d'-\-d 

If  there  is  low  insulation  resistance,  this  test  is  inapplicable. 
If  the  capacity  of  the  cable  per  mile  or  other  unit  of  length  is 
known,  a  determination  of  the  capacity  of  the  near  section  gives 
the  requisite  datum  in  combination  with  what  is  known  to  calcu- 
late the  location  of  the  break.  Thus,  call  the  capacity  of  a  mile 
of  submarine  cable  K,  and  that  of  the  broken  section  K'.     It  is 

evident  that  the  length  of  this  section  is  equal  to  -^.    As  before, 

the  deflections  may  give  it  directly  if  those  due  to  capacity  K  are 
known.  As  K'  might  be  due  to  many  miles  or  only  a  few,  the 
galvanometer  shunt  might  have  to  be  used,  and  possibly  different 
^aJyanometers  for  extreme  cases.  This  would  introduce  simple 
wiiltipUcation  factors  or  dWisox^  mlo  l\i^  ^■aXaxCsa.XNss^. 

Galvaaoscope  Cable    and  Lau^  t^sts--^^  ^^.^^^>^^^^  ^^- 
manometer  with  three  or  ioux  ceW^  olX^^XX^^^  v^  >^^^l>.\ ^^^  ^.-.^^-s 
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lines  for  firounda  cros^e  or  breaks  One  terminal  of  the  battery 
ie  erotmdeil  the  other  end  Is  connected  to  the  end  of  the  line 
to  be  tested  whleh  must  be  on  open  circuit  at  the  near  end  The 
galianoscope  will  be  apt  to  move  at  the  iaitanf  the  connection  is 
made  buppose  that  the  distant  end  of  the  line  is  on  open  circuit 
also  A  permanent  deflection  of  the  galvanoscoue  will  Indicate 
a  ground  Suppose  there  is  ni  deflection  Then  as  the  line  has 
shown  no  ground  the  distant  end  it  to  be  nent  connected  to  earth 
It  the  gaivanoscope  shows  a  permanent  d-^flection  the  line  is  con 
tmuous  and  without  ground  But  if  the  saivanoscope  shows  no 
deflection  on  the  second  test  the  line  is  brolten  somewhere  and  i 
the  part  hejoni  the  breaiv  mai  be  fuii  of  grounds  The  break 
prevented  them  sho'wing  on  the  first  test 

If  on  the  first  lest  the  gaUanoraetcr  ai'ves  a  strong  throw  of 
the  needle  followed  b\  a  return  to  7ero  it  goei  to  prove  that  the 
line  is  confinuoua,  as  this  throw  13  due  to  the  capacity  of  the 
line,  and  the  capacity  is  greater  as  the  line  is  longer.  But  there  la 
nothing  accurate  about  this  teat.  If  the  observer  knows  the  line 
and  knows  the  instrument,  he  may  draw  a  useful  conclusion  from 
the  observation  of  the  first  throw  of  the  needle.  Such  conclu- 
sions are  on  a  par  with  those  which  an  observer  draws  from  the 
loudness  of  the  ring  of  his  magneto  bell.  i 

With  a  galvanometer  and  battery,  all  the  wires  In  a  cable  can 
be  rapidly  tested  for  crosses,  by  connecting  across  from  one  to 
another  seriatim  or  in  succession.    Thus  one  wire  can  be  con- 
nected  through  the  galvanometer  and  battery   to  all   the  others 
bunched.     The  distant  ends  of  the  wires  in  the  cable  are  supposed 
to  be  disconnected  or  on  open  circuit.     If  no  permanent  deflection 
is  shown,  one  wire  is  shown  to  be  all   right,  and   without  croas      ! 
connection  with  any  of  the  others.     This  wire  is  bent  aside,  tagged      I 
or  marked  if  desired,  and  the  end  of  another  wire,  pulled  out  of     | 
the  bunched   ends,   and   is  tested   against   the   rest  of  the  wires,      j 
This  time  there  is  one  less  wire  in  the  bunch  than  before.    If  the 
wire  is  without  cross.  It  Is  put  aside  and  another  tested.    Eventu- 
ally, only  a  pair  will  be  left  to  be  tried,  one  a?ata^t  IVife  ^i^Siw^,    | 
//  no  crosses  have  been   found.     K  ca\>\e  tM\\  q1  -«\tss.  sst-Tv^sR- 
rapidly  gone  firoiigh.      If  a  groimft  \b  ioMiift.,  V^.  'sN^'^^^  \.aV«eW 
the  single  wire  and  one  or  more  ot  ttioae  \el't  \^  ^"^^  ^wi^- 
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testing  one  wire  after  another  out  of  the  bunch  against  the  croaaed 
wire,  the  fault  can  be  located  as  far  as  the  specific  wires  are  con- 
cerned. The  two  or  more  wires  which  are  crossed  can  be  found 
and  tagged  or  marlted,  so  aa  to  exclude  them  from  the  working 
wires  of  the  cable. 

Frequently  the  teatlng  is  done  to  cables  while  rolled  up  on  the 
wooden  reels  on  which  they  are  transported.  Th«  cable  on  a 
reel  is  tested  and  found  perfect,  and  Is  then  drawn  Into  the  duct 
in  the  conduit.  Wires  found  defective  should  be  tagged  with  the 
indication  of  their  defect,  whether  grounded,  croaeed,  or  brotteo. 


Fig.  ll>d.— Cabls  Tehtino  on  Rfei.  for  Brearh  th  WirBs. 


Cables  are  supposed  to  be  subjected  to  severe  tests  by  the  manu- 
facturers, so  that  new  cables  are  often  assumed  to  be  perfect, 
and  no  test  is  applied  by  the  purchasing  company.  There  are 
two  possibilities.  One  ia  that  the  cable  has  been  injured  In  trans- 
portation; the  other  is  that  It  may  be  injured  In  being  drawn  into 

Tests  of  Cable  on  Reel^.— When  cables  are  still  on  reels,  both 
ends  are  accessible,  and  they  can  be  conveniently  tested.  The 
cut.  Fit;.  499,  shows  the  connection  for  finding  breaks  of  contin- 
uity in  Individual  wires  of  a  cable.  The  hunched  ends  of  the 
wires  at  one  end  are  connected  to  a  battery  and  galvanoscope. 
TIip  olhfr  end  of  the  wire  ot  V'ne  c\tci\\\.  \^  \.Q\v**fl  to  the  other 
I  fiflds  of  (he  cable  wires,  oneli?  oue.    Tofesee-niasat 'ivm.«6.'»>» 
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not  fo  touch  each  other.  As  shown  In  tJio  cut,  a  bell  Is  used  as 
galvanoBcope.  A  ringing  will  Indicate  that  there  is  no  treak  in 
the  wire  which  is  touched.    The  test  for  crosses  should  also  be 

Finding  Wire  Ends  In  a  Cable.— It  will  be  seen  that  airailar 
tests  can  be  applied  to  picking  out  the  two  ends  ot  a.  wire  in  a. 
cable.  The  distant  end  of  the  wire  is  grounded.  The  near  end 
of  one  wire  after  another  is  connected  through  the  battery  and 
galvanometer  to  the  ground,  until  the  galvanometer  shows  the 
existence  of  a  current, 

Making  Branch  Connection  In  a  Cable.— Sometimes  it  la  de- 
sired to  take  a  branch  line  from  an  intermediate  point  in  a  cable. 
The  above  teat  can  be  applied  to  pick  out  a  wire  from  the  cable 
whose  sheathing  has  to  he  opened  for  the  purpose  of  making  the 
connection.  The  distant  end  of  a  wire  is  grounded.  The  wires 
are  loosened  or  opened.  Connection  of  one  wire  after  another  is 
made  with  the  galvanometer  and  battery  which  are  grounded. 
The  connection  is  made  by  means  of  a  pointed  wire  or  needle 
point,  which  forms  the  terminal  of  the  wire  from  tlie  battery 
and  galvanoscope.  This  is  thrust  through  the  Insulation  of  one 
wire  after  another  in  the  opened  part  of  the  cable,  until  the  indi- 
cations of  a  current  on  the  galvanoscope  show  that  the  right  wire 
has  been  found. 

The   Telepltone   as   a  Galvanoscope.— The   telephone,   whose 
diaphragm  gives  a  sharp  elicit  upon  makiiiK  or  breaking  an  active 
circuit  of  which  it  forms  a  part,  is  an  esceedingiy  sensitive  indi- 
cator  of   current.     It   can   be   substituled   in   many   cases   for   a 
galvanometer,  being  connected  in  series  with  three  or  four  cells       j| 
of  dry  battery.     Portable  sets  are  made  for  this  purpose,  com-       | 
prising  a  pocket  battery  and  small  telephone.    Where  much  testing       1^ 
Is  to  he  done,  a  strap  or  spring  should  be  used  to  hold  the  tele-       I 
phone  against  the  ear  ot  the  observer.    Otherwise,  where  perhaps 
a  hundred  wires  in  a  cable  have  to  be  tested,  the  work  of  holding 
the  telephone   by   hand   will   become   guite   laborious.     The   tele- 
phone and   battery   represent  the   combination  of  hand   magneto 
and  bell.     The  test  is  made  by  touching  and  separating  the  end      j 
of  a.  wire  in  the  circuit  to  the  telephone  terminal,  ot  t-j  ci>Avfv^'i.'s», 
saddeoly  making  and  breaking  fee  cuiTftiA.    TJ>i«  t^^iasfi-  w^^*-   ■ 

_  _         _    _    _ J 
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be  hod  to  capacity  of  the  wire.    A  click  In  tbe  t«l«pboiie  will  be 
produced  b;  this  alone  i(  it  is  at  all  constderabla. 

The  following  metbod  of  using  the  telephoiLe  test  for  croua 
and  grounds  in  a  cable  la  given  In  Roebllng'H  pamphlet  on  tele- 
phone cables.  It  may  be  applied  moBt  conveniently  to  cable  on 
the  reel,  as  both  ends  are  then  accessible  from  the  observer's  posi- 
tion. At  tbe  Dear  end  of  the  cable  the  wires  are  epr»d  a  Uttle, 
and  the  particular  wire  under  teat  has  a  short  piece  of  wire  con- 
nected to  it.  The  rest  of  the  wires  are  bunched,  and  by  a  Bbort 
piece  of  bare  wire  are  connected  to  the  aheath  of  the  cable,  ^e 
arrangement  and  connections  are  shown  in.  Fig.  &00. 


Fio  GOO.— Cabli  Tasmio  on  Kiel 


By  a  abort  piece  of  wire  one  terminal  of  the  battery  is  con- 
nected to  the  cable  sheath      The  other  terminal  of  the  battery  la 
connected  with   the  telephone      The  observer  holds   In  hia  biin^ 
the  end  of  the  wire  which  is  connected  to  the  wire  to  be  teatrf. 
He  suddenly  taps  with  it  one  of  the  binding  posts  of  the  tele- 
phone.   This  gives  It  a  charge  of  electricity,  and  if  it  Is  not 
crossed  or  grounded    which  means  connected  to  the  lead  sheatb 
of  the  cable    a  click  will   be  heard  In  the  telephone.      This 
tells  nothing     But  il  the  -wua  \s  Va  ^.ood  condition  as  regard' 
crossing  and    grounding    \t  -WiW  t-Ai  \\a  iiaa.t%(s,  ■eai&.  tjo.  a  sK- 
on<l  tap  being  given  tHe  teVec^oi^e  -«>»  ^.^-^  ^  »^-^*^  ^^  ^  b.*^ 
}y  diminished  one.  aiid  a  ^1^^j\:^J ^,,,  ^  «,«^  «  ^,«^ 
ao  sound   whatever.    B^it  tt  ^a** 
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sed  circuit  will  result  from  each  tap.     The  circuit  will  include 

)  telephone,  battery,  sheath,   and  wire,  and   perhaps  another 

re  or  wires  if  there  is  a  cross;   consequently,  in  such  a  case 

jry  tap  will  give  a  click  on  the  telephone. 

f  no  click  is  given  on  the  first  tap  of  all,  it  will  indicate  that 

!  wire  is  broken  off,  probably  close  to  the  observer. 

even  moisture  in  the  cable  will  impair  the  insulation  enough  to 

e  the  indications  described.     The  loudness  of  the  click  will  give 

Qe  clew  to  the  extent  or  degree  of  the  trouble. 

t  will  be  seen  that  the  test  for  continuity  of  the  wire  is  a  part 

the  test  for  crossing  and  grounding.    The  telephone  can  be 


BAD  WIRE 


GOOD  WIRE 


X     i 


>* 


FAULT 


Pig.  501.— Varlby's  Loop  Test. 


d  for  it.  A  continuous  clicking,  as  the  telephone  terminal  is 
ped,  represents  a  permanent  deflection  of  the  needle  of  the  gal- 
loscope. 

lie  Vibrating  Magneto  Beli  as  a  Qaivanometer. — A  vibrating 
1  can  be  used  in  tests  where  a  galvanometer  is  applicable, 
ree  or  four  cells  in  series  with  it  give  the  current.  It  is  very 
Lvenient  for  continuity  tests. 

>ome  of  the  tests  just  given  are  not  quantitative — ^which  means 
,t  no  measurement  of  current,  resistance,  or  other  function  is 
icuted.    An  idea  of  the  degree  of  trouble  'vWXi  ^  Q,"aXJ\^  o^-az^X^^ 
ained  from  the  indications  of  the  \n8lT\xmeiil^,\>\3LV  "Ccva-VK^  -^^ 
^er/ence  will  teach  the  observer  to  place  \\v^  t\^X.  ^xacsvi^N^^ 
ndeDce,  rather  little  than  mucli,  upon  dm^x^Txce^  o^  ^^' 
have  been  alluded  to. 
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Varley  Loop  Test. — This  is  an  application  of  the  Wheatstone 
bridge.  Suppose  that  there  is  a  bad  wire  in  a  line,  as  shown  in 
Fig.  501.  Its  distant  end  is  connected  to  the  end  of  a  good  wire, 
and  the  two  are  connected  into  a  Wlieatstone  bridge,  as  shown. 
The  battery  is  grounded  as  shown;  the  points  i  and  e  represent 
the  ends  of  the  bridge,  R  +  X  is  the  resistance  of  one  arm  of  the 
bridge;  C  -f  Y  is  that  of  the  other.  We  have  as  the  equation  of 
the  bridge: 

A  _   R -J-  X 
B  ""  C  +  Y" 
The  entire  resistance  of  the  two  wires  is  equal  to  X  +  Y  +  C. 
Calling  this  racistance  L,  we  have: 

L  =  X  +  C  -f  Yand  L,  —  X  =  C  -f-  Y. 
Substituting  L  —  X  for  C  +  Y  in  the  first  equation,  we  have: 

A=^±XandX=    AL^BR 
B      L— X  A  +  B 

If  the  resistance  A  is  equal  to  B,  we  have: 

V       L-R 
^^       2~~ 

If  L  is  known,  X  can  be  determined;  L  is  found  by  calculation 

from  the  size  and  length  of  the  wires  or  from  records.     If  there 

1    is  only  one  ground,  it  can  be  measured  uy  bridge  connection,  the 

battery  terminal   being  tal^en   from  the  ground   and   connected 

between  R  and  X. 

Hand  ilagneto  Tests.— The  hand  magneto  is  a  bipolar  gener- 
ator with  shuttle  or  H-section  armature.  The  latter  is  rotated 
by  multiplying  gear,  and  the  current  is  taken  off  by  two  contact 
rings. 

It  is  made  in  stock  size,  and  is  in  itself  a  rough  measuring  in- 
strument. A  bell  is  mounted  in  the  box,  whose  armature  is 
polarized  and  is  acted  on  by  an  electro-magnet.  The  winding 
of  the  magnet  is  in  circuit  with  the  armature  winding  of  the 
magneto.  On  turning  the  handle,  the  bell  will  ring  if  its  circuit 
is  rlosed.     The  diagram,  Fig.  502,  shows  the  connections. 

Thp  hand  magneto  iR  m\ic\i  w^e^i  \^  \.^^\\-^?.  vji^xvSs^vVsvi..  ^-^^ 
terniinal  may  be  connected  to  a  \me  \.o  >c.e  \,^^V^^>  "ss.^^  ^^  ^^'^^ 

terminal    to  a   water    or  ^s  pV^.  ^  ,f  J,U:tv.oTXU^ 
urning  tbe  handle,  the  \)eU  ^U\  xVu^  u  X^^^"^^ 
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Is  defective  within  the  limits  of  the  Bensiliveue'^a  of  the  insfru 
ment.  The  magneto  in  qiipation  with  its  beil  is  generailj  ao 
wound  that  tlie  beli  will  ring  through  20,000  to  25  000  ohms 

By  practice  and  use  of  the  same  magneto,  the  operator  using  it 
can  roughly  approximats  to  tlie  seriousnesB  of  a  ground  or  to  the 
resistance  of  the  circuit  rung  through,  if  he  notes  the  loudness 
of  the  bell  and  the  clearness  of  its  ring.  It  is  dangerous  to  rely 
too  much  on  such  Indications. 

Hand  Magneto  Test  tor  Ground  — If  a  line  or  cable  [s  to  be 
tested  for  grounding,  the  circuit  is  opened  at  both  ends.    The 


^r\ 


Fig.  508.— H abb  Maqkei 


I  Testing. 


practical  point  is  to  be  sure  that  the  far  ends  of  the  line  wires 
are  on  opea  circuit.  The  near  end  is  opened,  connected  to  the 
magneto,  and  the  other  end  of  the  magneto  circuit  is  grounded. 
If  the  bell  rings  on  turning  the  handle,  the  assumption  is  that 
there  is  a  ground. 

But  simple  as  this  test  seems,  it  is  not  reliable.  The  alternat- 
ing current  produced  by  the  magneto  may,  by  charging  and  dis- 
charging an  ungrounded  line  of  some  capacity,  ring  the  bell  and 
so  lead  to  false  conclusions.  This  teat  la  of  great  use  where  the 
line  is  of  slight  capacity,  which  is  the  case  with  a  hare  w^^'*,  *i-^ 
poles.  But  cables  with  metal  sheatWiiaa  T«v^e'aa\A  ^  '«»^'^  ^''- 
Leyden  Jar,  and  may  ring  the  heU  wbea  rtiwe  \a  ■&<!  ^q-^-c^  ^■^■'^'^ 


658  ELECTRICIANS*   HANDY   BOOK. 

m 

Hand  Mas:neto  Test  for  Cross  Connections, — ^To  test  for  a 
cross  connection  in  a  cable,  one  terminal  of  the  magneto  is  con- 
nected  to  the  wire  to  be  tested,  and  the  other  to  the  ends  of  the 
remaining  wires,  which  are  bunched  for  the  puri)ose.  If  the  bell 
can  be  rung,  a  cross  is  present.  The  test  can  be  applied  if  de- 
sired to  a  single  pair  of  wires,  so  as  to  go  through  the  cable  wire 
by  wire  instead  of  bunching  all  except  the  one. 

Engineering  Tests. — The  distinction  between  engineering  and 
laboratory  tests  and  measurements  is  definite.  Much  apparatus 
is  used  in  laboratory  work  which  it  would  be  quite  impossible  to 
employ  in  outdoor  work  in  the  streets  of  a  city.  Any  tendency 
to  the  refinement  of  what  may  be  called  street  tests  is  accomp- 
anied by  a  corresponding  tendency  to  apply  the  finer  processes 
of  the  laboratory  to  more  and  more  of  the  every-day  problems 
which  confront  the  engineer.  It  is  therefore  a  fair  conclusion 
that  the  distinction  between  the  two  classes  will  always  exist. 
The  object  of  the  engineer  should  be  to  use  the  finest  class  of 
measurements  in  his  work,  and  to  constantly  appeal  to  the  lab- 
oratory for  final  data. 


CHAPTER    XXXVIL 

ELECTROPLATING. 

Electroplating.— The  decomposition  of  a  metallic  salt  by  the 
electric  current  in  such  a  way  that  the  metal  is  deposited  where 
desired  constitutes  electroplating.  To  deposit  metal,  a  current 
must  pass  through  the  solution  by  electrolyiic  conduction.  This 
gives  the  general  case  without  reference  to  electrons  or  to  the 
Ionic  theory.    The  latter  only  afCects  the  theory  of  the  case. 

Energy  Absorbed  la  Electroplating. — The  rate  of  expenditure 
of  electric  energy  is  expressible  in  volt-amperes  or  watts.  To 
deposit  metal  some  current  must  pass  through  the  solution,  bo- 
cause  each  coulomb  precipitates  a  given  and  invariable  amount 
of  each  metal.  Until  some  current  passes,  no  metal  will  be  de- 
posited. If  the  current  passing  through  a  given  bath  be  multi- 
plied by  the  voltage  required  to  force  the  current  through  the 
bath,  the  rate  of  energy  will  be  given  in  watts  or  volt-amperes. 

The  voltage  may  be  derived  from  an  outside  source,  such  as  a 
hattery  or  dynamo,  or  part  or  all  of  It  may  be  derived  from  the 
bath  and  its  electrodes.  A  Daniell's  cell  Is  an  example  of  a 
plating  bath,  which  deposits  copper  upon  a  surface  of  copper,  the 
reaction  between  the  electrodes  and  solution  producing  all  the 
required  voltage.  If  copper  electrodes  are  immersed  in  a  bath  of 
copper  sulphate  and  a  current  is  passed  through  the  solution,  all 
the  voltage  is  derived  from  an  external  source.  In  other  cases 
the  solution  and  electrodes  may  generate  part  of  the  voltage 
only,  the  rest  being  supplied  from  an  external  source. 

General    Principles. — The  general  principle  Is  easiest  fixed  on 

the    mind   by    reference    to    the    primary   battery.     If   from   the 

terminals  of  such  a  battery  wires  are  led  to  a  ba.t.l>.  ft'Aft^ -^S.'J^  ■»■ 

plating  solution,  anri  if  the  ends  ot  t\\e  ■w\Te's  Wft  a\.\.a.ijRt«!.  'va  -^ 

Jects  of  met&l  adapted  for  the  purpose,  ani  M  ftv*  -aY^^siX  -^S"*" 
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are  immersed  in  the  bath,  electro-deposition  of  the  metal  of  the 
bath  will  take  place,  and  the  object  connected  to  the  zinc  plate 
of  the  battery  by  the  wire  will  have  metal  deposited  upon  it. 
The  one  attached  to  the  copper,  carbon,  or  platinum  plate  of  the 
battery  will  have  no  metal  deposited  on  it,  and  in  many  cases  will 
be  dissolved  in  the  bath,  and  gradually  disappear. 

Anodes.— The  plate  on  which  no  metal  is  deposited  is  called 
the  anode.  Thus,  for  nickel-plating  nickel  anodes  are  a  regular 
article  of  commerce.  They  are  dissolved  in  the  nickel  bath  in 
the  course  of  the  plating  operation.  For  each  ounce  of  nickel 
deposited,  an  ounce  should  be  dissolved.  There  are  other  terms, 
such  as  cathode,  for  the  plate  on  which  metal  is  deposited,  which 
have  never  come  into  general  use. 

Reproduction.— Electroplating  is  used  for  two  purposes.  One 
is  to  reproduce  objects.  To  do  this,  a  mold  is  taken  from  the 
object.  This  mold  may  be  of  wax,  papier  mach6,  fusible  metal, 
or  any  substance  which  can  be  made  to  give  a  reversed  reproduc- 
tion of  the  object.  A  thick  layer  of  metal  may  be  directly  electro- 
plated on  the  object.  This  layer  peeled  or  stripped  from  the 
original  gives  a  reversed  reproduction.  On  such  the  metal  is 
deposited,  which  on  removal  obviously  gives  the  direct  unre- 
versed reproduction  of  the  original  object.  The  other  purpose  is 
to  coat  one  metal  with  another,  as  spoons  and  other  table  ware 
are  coated  with  silver. 

Current  for  Electroplating.- A  source  of  heavy  current  and  of 
low  voltage  is  required  for  electroplating.  If  a  battery  is  used, 
it  is  a  low-resistance  battery.  The  amperes  required  are  generally 
found  by  determining  the  area  to  be  plated,  and  allowing  a  definite 
amperage  to  each  square  inch  or  other  unitary  area  of  the 
articles.  A  solution  is  contained  in  a  vessel,  which  is  called  the 
bath.  The  objects  to  be  plated  are  immersed  in  it,  and  opposite  to 
them  are  the  anodes.  The  wire  from  the  zinc  pole  of  the  battery, 
if  such  is  used,  or  from  the  corresponding  pole  of  the  dynamo, 
is  connected  to  the  objects.  The  other  wire  is  connected  to  the 
anodes.  As  current  passes,  the  metal  is  deposited.  The  voltage 
varies  for  different  solutions.  From  one  to  ten  volts  is  a  good 
range.  It  must  be  noted  that  a  \vV^  No\\a.?>^  ^^o.^  no  harm  as 
Jong  as  the  current  is  of  propei  ^txeu^^V,  \i\v\.  XX^fe  ^q\\».%^  ^Ni&\. 
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be  high  enough  to  pioiiuce  the  requisite  current  and  to  detom 
poie  the  solution 

Regulation  of  Current.— The  strpngth  of  current  is  regulated 
by  adjusting  the  resistance  m  the  circuit  A  aimple  resiBtance 
trame  suih  as  fi  shown  in  Fig  503  is  often  used  for  thia  pur 
pose      As  the  handle  is  swung  In  the  direction  indicated  by  the 


1  the  araall  scale 


Simple  Plating  Apparatus. — Electroplating 
is  often  done  by  (he  amateur  with 
apparatus  on  the  lines  of  the  Danlell 
battery  Fig  504  The  object  to  he 
electroplated  or  reproduced  takes 
the  place  of  the  Copper  electrode 
and  is  attached  by  a  wire  to  the  ?inc 
electrode  If  the  object  Is  of  a 
metal  electronegative  to  zinc  or  If. 
coated  with  plumbago  copper  will  be 
deposited  on  It  Fig  SOS  shows  a 
circle  of  porous  cups  in  a  circular 
tank  containing  zinc  plates  all  con 
nected  bv  a  circle  of  wire      A  metal 


I  the 


at  it's  center  the  object 
The     large     tank      con  I 
sulphate       the     porous 
with  a  little  salt 
Large     Plating     Apparatus 
Fig    501)    show 


be  plated 
IS  copper 
ps     water 


—The 
I  bath 

for  electroplating  around  whose  upper  edge  two  frame'f  of 
metal  run  The  outer  frame  is  a  little  higher  than  the  other 
Long  rods  re^t  upon  the  outer  frame  and  the  anodes  are  sua 
pendei]  trom  them  and  short  wires  rest  on  the  Inner  frame  The 
objects  to  be  plated  are  suspended  from  these  wires.  One  frame 
is  connected  to  one  pole,  the  other  to  the  other  pole  of  the  battery 
or  other  source  of  current.  The  next  cut.  Fig.  507.  shows  a  plat- 
ing bath  A  and  battery  D. . ..  There  are  two  main  wires  or 
bus-bars,  a  b  and  c  d.  One  has  the  anodes  K  K  connected  to  tt 
by  transverse   wires   mm;  the  other  \ 
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ft.    One  battery  pole  is  connected  to  one  bus-bar.  the  other  to 

]  other.    InaulaUon  Is  applied  to  the  wires  where  required  to 

jTent  short  circuits. 

Metals    Deposited  —Copper,  nickel,  eilver,   and   gold  ar^  tlie 
Tietala  Renerally  lieposlted. 
Copper-Ptstlng    The  ba  h  Tor  obje  ts  no  attacked  b;  sulph    i^ 

d  0  oppe  su  pha  e  may  >e  a  so  u  on  of  coppe  su  h  e 
Ith  ne-  en  h  of  a  vo  ume  of  bu  hu  c  ac  d  I  shou  d  ha  a 
ms  y  of  1)7  and  b  u  ed  co  d  If  the  ba  h  con  a  na  oo  m  li 
oppe     su  pha  e     h  a  wi     Horn)  cryata  s  on  the  surface  of  Ui" 


anode.  Such  crystals,  perhaps  Invisible,  will  prevei^t  the  pass*** 
of  current.  This  bath  Is  of  limited  application,  aa  It  caoDOt  W 
used  tor  Iron  or  zinc.  It  la  applicable  to  wax  molds,  such  M  ^^ 
used  in  eleetrotyping. 

For  depositing  copper  on  zinc  and  similar  metala,  the  followl"* 
baths  are  applicable:  Copper  sulphate,  2  pounds;  water,  1  gallc"- 
Add  ammonia  until  the  precipitate  first  formed  la  Juat  redissol'^' 
This  colors  the  Bolution  blue.  Then  add  potassluin  cyanide  up"' 
lite  blue  color  disappears.  TYiia  'oa.'Cti  aVivCii  ^it  ■osbI  «t  a  '""'■ 
perature  of  122°  F.  to  131°  F.  (,W°  C.  W  Wi°  C.-^- 
It  zinc  is  to  be  plated,  the  p\cce  \«  ^"^  ^"''?rlx^^to 
■ser  cent  sulphuric  acid,  and  ttie^  »-^^^^  "*'°" 
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^ft  Boda  or   of  sodium   carbonate.     It   Is   then   ready   for 


Fia    BOfl.— BLBOTBOPtulTER  B  BATH 

troplattng  auch  metals  a**  Iron  or  /Inc  is  only  to  be  recom- 
d  [or  special  purposes  On  anj  water  eetling  at  the  zinc 
a,  galvanic  action  commences  and  the  metal  is  attacked. 


PtO.  KH.—'ElJBCTfLiyPt.i.Tlfia  A.¥PMLk.'EC&. 

is  oopper-platlng  has  been  applied  ^  \aTOi>--»o*^^  ^°^  ^\'Ca. 
aer  being  flrsf  varnished,  or  coated  ^V^'a  oV\  ■®^^*  '^ 

swder.     tt  is  not  a  perfect  8 
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One  case  in  which  iron  may  be  copper-plated  with  advantage  is 
when  the  metal  is  to  be  silver-  or  gold-plated,  and  a  preliminary 
copper-plating  is  often  recommended  as  a  preparation  for  nickel- 
plating  on  iron. 

Copper  and  potassium  tartrate  and  copper  and  ammonium  oxa- 
late are  bases  of  the  formulas. 

Before  copper-plating  iron,  it  should  be  dipped  in  dilute  sul- 
phuric acid,  and  then  after  washing  into  an  alkaline  solution,  as 
prescribed  for  zinc. 

NIckel-Platlng.— The  following  are  formulas  for  nickel-plating 
baths  with  sulphates  as  the  base: 

Ammonium  and  nickel  sulphate. . .       4  parts        1  part 

Distilled  water    100  parts       10  parts 

Ammonium  carbonate   (about) 3  parts 

The  double  sulphate  as  above  is  a  salt  very  much  used  in 
nickel-plating. 

The  chloride  may  also  be  a  basis  for  nickel-plating  as  in  the 
following  formula: 

Nickel  chloride 298  parts 

Water 2250  parts 

Dissolve  and  add 

Ammonium  chloride  70  parts 

Water,  enough  to  make 10,000  parts 

Edward  Weston  recommends  the  addition  to  nickel-plating 
baths  of  boric  acid— 2  parts  of  boric  acid  to  5  parts  of  nickel 
chloride  or  1  part  of  boric  acid  to  3  parts  of  nickel  sulphate. 

Too  much  alkali  in  a  nickel  bath  gives  a  yellow  deposit;  too 
much  acid  gives  a  non-adherent  coat.  The  bath  must  be  per- 
fectly neutral.  The  bath  should  have  a  specific  gravity  of  1.041 
to  l.Oofi.  If  it  is  weaker,  the  bath  works  slowly;  if  stronger  than 
specific  gravity  1.070.  salts  crystallize  on  the  anodes.  The  bath 
must  be  constantly  watched  for  changes  in  its  specific  gravity. 

The  pieces  to  be  plated  must  first  be  polished,  the  last  polishing 
hpjmx  giyen    with    powdered   lltne.    The   pieces   are   cleaned  of 
A'/vvjse  with  a  10  per  ceivl  ^oVwWotl  Ci\  ca.\Y?x\^  ^^\sk.^^.   '^^«y  are 
f^onirtinips  scrubbed  ^^•U\v  ^  X^tw^^  ^^  ^  t^V^Vx.^^  ^\  ^^^^\5si 
Snnni.h    white,    and    sodium   c^tX^o^.^.!^.   ^o.s.^V^.s.^  x.<.^-- n- 
ii^od  to  remove  grease. 
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If  copper  is  to  be  nickel -plated,  it  Is  first  dipped  into  a  10  per 
cent  solution  of  nitric  acid,  and  after  washing  is  dipped  Into  a 
EoluLIon  of  5  parts  of  potassium  cyanide  in  100  parts  of  water. 

For  Iron  the  first  acid  dipping  Viath  is  a  1  per  cent  solution  of 
sulpliuric  add.  The  pieces  are  nibbed  with  powdered  pumice 
stone,  and  then  dipped  in  a  20  per  cent  solution  of  hydrochloric 
acid.  Iron  objects  must  at  once  be  put  inlo  the  bath  after 
treatment;  otherwise  they  will  rust.  A  thin  plating  with  copper 
may  precede  the  nickel-plating. 

Zinc  can  be  nickel -plated  by  receiving  first  a  good  coating  of 
copper,  or  it  may  be  amalgamated.  The  latter  tends  to  make  it 
almost  as  brittle  as  glass. 

On  removal  from  the  bath  nickel-plated  objects  are  first  washed 
In  cold  then  In  hot  water,  and  are  dried  in  wood  sawdust.  They 
are  polished  by  regular  processes, 

Nltkel  anodes  must  be  chemically  pure;  they  are  suspended 
by  nickel  wires.  Their  surface  area  mtiet  be  a  Rreat  deal  larger 
than  that  of  the  objects  to  be  plated,  because  the  solutions  disaolye 
nickel  with  difficulty.  It  Is  a  great  object  to  have  the  anode  dis- 
solve exactly  as  fast  as  the  metal  is  deposited.  If  this  oceurs,  the 
solution  remains  of  unvarying  strength. 

The  voltage  to  be  nsed  varies.  It  may  start  as  high  as  5  volts, 
and  is  to  be  reduced  when  the  piece  appears  white,  and  may 
eventually  run  down  to  1  volt.  The  evolution  of  hydrogen  must 
be  kept  down  as  much  as  possible,  although  there  is  always  more 
or  less  of  It.  Change  of  relative  position  of  the  anodes  and 
pieces  to  be  plated  Is  often  advisable,  to  prevent  the  deposition 
concentrating  Itself  on  salient  parts. 

Sllver-Plating.— Baths  for  silver-plat ing  are  generally  made 
of  potas slum-silver  cyanide.  Pure  silver  nitrate  is  the  starting 
point  for  this  preparation.  The  following  are  examples  of  silver- 
ing solutions; 

A  solution  of  silver  nitrate  In  water  Is  precipitated  by  addition 
of  lime  water,  the  tiilver  oxide  appearing  as  a  brownpowder.   The 
precipitate   Is  washed  with   care,  and   is  kept   In.  veaae\a  t'i"A-a^ 
water.     To  prepare  a  bath  for  plating,  some  ol  ■Co.e'^iQ-w^i-*-'^*'^  ] 
dissolved  in  solution  of  potassium  c5an\Ae  Vti  a\?.W\e*^^*-'^'^- 
A  Bolutioa  ol  silver  nitrate  may  be  5tec\?U.a.\fta.  ^s^  ■5R\'oS\'3d-- 

A 
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potassium  carbonate,  or  of  sodium  chloride  (salt),  and  treated 
as  above. 

332  parts  of  silver  nitrate  are  precipitated  by  hydrocyanic 
acid.  The  acid  must  be  made  immediately  before  use  by  adding 
nitric  acid  to  potassium  cyanide  in  quantity  Just  sufficient  to 
neutralize  it.  The  precipitate  is  washed  and  put  into  10,000  parts 
of  water,  and  dissolved  by  addition  of  potassium  cyanide. 

One  or  two  thousandths  of  ammonia  added  to  a  bath  improves 
the  adherent  power  and  brilliancy  of  the  deposit.  A  very  small 
quantity  of  carbon  disulphide  is  sometimes  added  for  the  purpose 
of  securing  a  bright  deposit. 

To  obtain  an  even  deposit,  the  pieces  in  the  bath  must  be  moved 
about.  This  is  sometimes  done  mechanically.  The  anodes  are 
of  pure  silver,  and  their  surface  should  be  about  equal  to  that  of 
the  pieces  to  be  silvered.  Iron  or  lead  wire  is  used  to  hang  them 
by.  Copper  wire  must  not  be  used,  as  it  would  dissolve  and  in- 
jure the  solution  by  introducing  copper  into  it. 

At  least  4  inches  space  must  be  between  the  anode  and  the 
pieces  to  be  plated.  On  commencing,  a  current  of  42  to  43  amperes 
per  square  yard  of  surface  to  be  plated  is  required.  A  potential 
of  not  over  2  to  3  volts  is  also  prescribed,  although  it  is  to  be 
remembered  that  as  long  as  the  voltage  is  sufficient,  the  amperage 
is  the  critical  thing  in  electroplating.  After  a  quarter  of  an  hour 
in  the  bath  the  pieces  are  taken  out  and  examined  to  see  if  they 
are  acquiring  a  uniform  coating.  They  are  then  washed  in  a 
warm  solution  of  potassium  cyanide  and  replaced  in  the  bath, 
and  left  there  until  the  plating  is  thick  enough  for  the  require- 
ments. Four  hours  should  complete  the  operation  if  there  is 
enough  current.  Every  3600  coulombs  or  each  ampere-hour  de- 
posits G2.4  grains  of  silver. 

When  the  deposition  is  completed,  the  pieces  are  removed  from 
the  bath,  washed  with  clean  water,  and  then  with  water  slightly 
acidulated  with  sulphuric  acid.  They  are  finally  brushed  and 
polished  ])y  the  regular  processes. 

Preparation  for  Silvering. — Preparation  of  articles  to  be  silver- 
plated  begins  with  the  removal  of  grease  by  boiling  for  a  few 
seronds  in  a  ten  per  cent  so\\\Uoiv  ol  Q-'aLV\^\\^  ^ot^^h.  This  is  fol- 
Jowecl  by  washing  in  water  axvOi  \>^e\i  e)\^^Vv^%  \^  ^  ^ssa.  ^et  ^jsbJj^ 
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solution  of  sulphuric  acid  and  water  and  washing.    Next  they 

are  passed  through  a  bath  confposed  of 

Nitric  acid  (36**) 100  parts 

Salt  (sodium  chloride)  2  parts 

Calcined  lampblack  .  .< 2  parts 

After  a  few  seconds  they  are  washed  vigorously,  and  then  are 

passed  at  once  through  this  bath: 

Nitric  acid    (36°)    600  parts 

Sulphuric  add  (66°)  80  parts 

Salt  (sodium  chloride) 4  parts 

Again  they  are  vigorously  washed  and  placed  in  the  "quick- 

ing"  bath  until  they  appear  white  on  the  surface.    This  bath  is 

made  up  of: 

Water    100  parts 

Mercuric  nitrate 1  part 

With  enough  sulphuric  acid  to  dissolve  the  mercuric  nitrate.    The 

pieces  are  then  washed  and  put  into  the  plating  bath. 

Gold- Plating.— Gold-potassium  cyanide   is  used  for  the  bath. 

154  parts  of  gold  chloride  are  dissolved  in  2000  parts  of  water. 

A  separate  solution  of  200  parts  of  potassium  cyanide  in  8000 

parts  of  water  is  made.    The  two  solutions  are  mixed  and  boiled 

for  half  an  hour. 
This  bath  is  employed  at  the  ordinary  temperatures.    To  keep 

up   its  strength,  gold  chloride  and  potassium   cyanide  may   be 

added  in  equal  parts  as  needed.    The  anode  is  a  plate  of  gold.    A 

bath  too  rich  in  gold  gives  a  blackish  or  reddish  coating.    A  gray 

coating  slowly  formed   indicates   too   much   potassium   cyanide. 

Platinum  suspension  wires  are  employed   for  the  anode.    The 

anode  should  not  be  left  in  the  bath  except  during  the  plating. 
For  gilding  with  a  warm  solution  the  following  baths  may  be 

used: 

1.  2. 

Sodium  phosphate  (crystallized).. 600 parts.        500 parts. 

Sodium  bisulphite    100  parts.        125  parts. 

Potassium    cyanide    10  parts.  5  parts. 

Gold  chloride 12  parts.  12  parts. 

The  first  formula  is  for  gold-plating  silver,  copper,  and  allQ^'s. 

rich  in  copper.    The  second  formula  \a  tox  \Ta\i  ^tjA  ^\55i^. 
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The  sodium  phosphate  is  dissolved  by  heat  in  8000  parts  of 
v.atcr,  the  gold  chloride  in  1000  parts  of  water,  and  the  two 
solutions  are  mixed.  The  remaining  salts  are  dissolved  in  1000 
parts  of  water  and  added  to  the  others.  This  gives  nearly  10,000 
parts  of  solution  by  weight,  or  about  a  one-tenth  of  one  per  cent 
solution  of  gold  cyanide. 

These  baths  are  employed  at  temperatures  of  122°  to  176°  F. 
(50°  to  80°  O-  A  few  minutes  is  time  enough  to  give  a  coat- 
ing. A  platinum  anode  is  used.  If  a  large  area  is  immersed,  the 
deposit  is  reddish  in  color;  if  the  anode  is  partly  withdrawn,  the 
tendency  is  toward  a  pale  deposit. 

This  bath  is  best  made  up  new  as  required.  Enriching  it  by 
addition  of  gold  salt  and  potassium  cyanide  is  not  recommended. 

The  reason  so  short  a  period  of  plating  is  required  is  that  gold 
has  the  property  of  giving  an  exceedingly  thin  and  uniform 
coating.    A  very  small  thickness  "covers." 

Platinum-Plating. — Platinum-plating  is  not  often  done.  The 
following  is  a  formula  for  the  solution  for  plating  copper  and  its 
alloys: 

Dissolve  17  parts  platinic  chloride  in  500  parts  of  distilled 
water.  Dissolve  100  parts  ammonium  phosphate  in  500  parts 
of  distilled  water.  Mix  the  solutions.  A  precipitate  will  be 
formed.  Little  by  little  a  solution  of  500  parts  sodium  phosphate 
in  1000  parts  of  water  is  added  and  the  whole  is  brought  to  boil- 
ing, water  lost  by  evaporation  being  constantly  replaced  until, 
the  ammonia  being  boiled  away,  the  solution  becomes  acid  and 
loses  the  yellow  color  it  possessed  and  becomes  colorless. 

This  bath  is  used  hot  with  a  strong  current,  and  its  strength 
must  be  kept  up  by  additions  of  the  ammonium-platinum  phos- 
phate precipitate,  obtained  as  above  described. 

Another  formula  is  carried  out  by  adding  to  a  solution  of 
platinum  chloride  a  sufficient  excess  of  potassium  cyanide  to  form 
a  clear  solution  of  ammonium-platinum  cyanide.  A  moderate  cur- 
rent is  required,  or  else  a  black  powder  will  be  deposited. 

The  anode  in  platln\\m-p\a.i\Ti?.  \^  ^W«.y^  platinum. 
Tin.— The  following  is  a  so\wUow  Iot  >iXv^  ^^^^"s\\Nk^^\\:\x^\ 

Sodium    pyrophospYiate   1 1  *////..  ^^l^^^t^. 

Water    
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In  this  solution  ia  disaolved  1  part  of  fused  tin  chloflde  (stan- 
noua  chloride,  tin  protocliloride) .  There  ia  liable  to  be  some 
difficulty  in  tie  eoiution.  U  pieces  of  the  tin  chloride  fail  tc  the 
bottom,  they  may  become  coated  with  a  sort  of  crust  which  is 
difficultly  Koliible,  and  which  retards  the  aolution  of  the  tin  salt. 
One  way  18  to  put  the  tin  salt  into  a  perforated  ladle,  like  a  cul- 
lender, and  keep  the  salt  near  the  surface  of  the  liquid,  and  agi- 
tate it  until  it  diasoives 

■  The  anode  la  of  tm  The  atrength  of  the  bath  ia  maintained 
by  adding  by  means  of  the  peiforated  ladle,  equal  parta  of  aodium 
pj-rophosphate  and  tin  chloride 

Another  solution  is  made  thus  Metallic  tin  is  dissolved  in 
hydrochloric  acid,  and  Is  precipitated  by  addition  oC  caustic  potash 
solution  The  precipitate  la  mixed  with  a  solution  ot  potaaslum 
cyanide  and  caustic  potash  until  it  dlsRolvea. 

Steeling.— A  coating  of  iron  la  aometlmea  deposited  on  copper 
electrotypes  of  en^ra^mga  m  ordei  to  harden  the  surface.  The 
iron  thua  deposited  is  so  hard  and  durable  that  it  Is  aometlmeil 
termed  bteel  although  it  la  not  steel  at  all,  but  pure  iron.  The 
bath  may  be  thus  prepared. 

A  aolution  ot  1  part  sal-ammoniac  (ammonium  diloride)  in  5 
parts  of  water  is  made.  In  it  are  suspended  two  plates  of  iron 
connected  to  the  poles  ot  a  strong  battery.  After  some  hours  the 
aolution  Is  ready,  aa  some  oC  the  iron  will  be  dissolved. 

The  electrotype  which  ia  to  be  ateeled  is  put  into  the  bath  after 
thorough  cleaning  and  washing  with  caustic  potash  solution. 
About  i  volts  electromotive  force  are  prescribed.  After  the 
steeling  the  plates  are  washed  !n  cold  water  and  rubbed  with 
benzine.  To  preserve  them  from  rusting  they  are  covered  with 
a  film  of  beeswax. 

Size  of  Conductors.— The  conductors  leading  from  the  source 
of  current  to  the  bath  should  be  as  thick  as  convenient.     All  re- 
fllstance   of   battery,   generator,   and   conductors   absorbs   energy, 
which  ia  wasted.    The  slight  additional  expense  of  large  conduc- 
tors is  compensated  for  by  the  economy  o£  power. 
Current  /ntensfty.— The  (lUaiUy  ot  the  ftepoAX.  \%  ¥^ea.^Vi  ■(W^*^-  ] 
iferf  by  the  Intensity  of  current  per  vmW  ttirea  Qt  awt^-iiKe.  'i'^'^^ 
TJius  is  a  copper-plating  bath  too  strons  »■  s^^it's^''^'^  "*'^^  '*'^ 
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brown  deposit  almost  powdery  in  quality.  To  remedy  any  such 
tendency  when  it  is  observed,  the  current  strength  must  be  dimin- 
ished. This  is  easily  done  by  raising  the  anode  so  as  to  decrease 
its  immersed  surface.  Another  way  is  to  move  the  anode  and  ob- 
jects plated  away  from  each  other  in  the  bath. 

If  the  current  is  too  weak,  the  anode  can  be  dipped  deeper,  or  an 
extra  one  added,  or  the  distance  spoken  of  above  can  be  de- 
creased. The  latter  is  only  advisable  when  a  rather  flat  surface  is 
being  plated,  because  an  irregular  piece  near  the  anode  will  have 
a  thicker  deposit  formed  on  its  protuberant  parts  than  on  its 
retreating  parts.  The  difference  in  distance  between  projections 
and  recesses  and  the  flat  anode  will  vary  less  proportionately  for 
large  than  for  small  distances  between  anode  and  object. 

Too  acid  a  bath  gives  less  resistance,  and  tends  to  the  develop- 
ment of  too  strong  a  current.  Too  little  acid  has  the  reverse 
effect.  Copper  deposited  with  too  weak  a  current  is  crystalline 
and  brittle. 

.  A  general  rule  is  to  have  the  surface  of  the  anodes  equal  to 
that  of  the  objects  to  be  plated. 

All  such  rules  are  only  general.  Thus,  the  question  of  excess 
of  acid  only  applies  to  the  limited  number  of  baths  in  which  free 
acid  is  present.    Most  baths  are  of  alkaline  reaction. 

The  Relative  Position  of  Anode  and  Surface  to  be  Plated  has 
Its  effect  on  the  result.  They  should  be  as  nearly  parallel  as  pos- 
sible on  general  considerations.  But  there  is  a  tendency  for  the 
lower  parts  of  the  objects  to  receive  the  thickest  coating,  as  the 
solution  tends  in  use  to  become  more  dense  at  the  bottom  of  the 
bath.  This  tendency  is  counteracted  by  changing  the  position  of 
the  pieces,  by  moving  them  constantly,  which  Is  often  done  by 
power,  and  by  agitating  or  stirring  the  solution  in  the  bath. 

When  an  object  is  quickly  plated,  these  precautions  are  unneces- 
sary. But  when  objects  remain  a  long  time  in  the  bath,  streaks 
are  liable  to  appear  on  their  lower  area  if  they  are  not  moved,  or 
it  the  liquid  is  not  stirred  about. 

The  tendency  of  metal  to  be  deposited  most  thickly  on  parts 

nearest  to  the  anode  leads  to  the  following  rule:  When  a  pfece  in 

hiMh  relief  is  to  be  plated,  tlae  ano^^  ^Xioxjld  b^  as  far  removed  as 

Js  possible  from  the  object.    T\i^  sjio^ei  Q,:^-vj.>^N».s*^^>ja^\\5i.^'«w 
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to  compensate  for  the  greater  distance.  Especially  is  this  main- 
tenance of  distance  important  wlien  tlie  solution  is  of  such, 
nature  as  to  attack  the  object  to  be  plated.  In  such  a  case  it 
may  attack  tie  object  in  its  deep  parts  while  metal  is  being  de- 
posited on  its  high  places.  A  long  distance  as  above  la  sup- 
posed to  give  a  belter  quality  of  deposit  as  regards  flexibility. 

Sometimes  for  very  high  relief  auxiliary  anodes  carried  on 
supporting  wires  into  the  deeper  parts  of  th«  relief  may  be  used 
to  secure  the  deposition  of  metal  there. 

Temperature  ol  Baths.— The  temperature  of  the  baths  has  an 
Important  effect.  For  some  baths  heat  Is  prescribed;  for  others, 
no  heat  is  required,  but  they  are  to  be  used  at  the  ordrnary  tem- 
peratures. Sometimes  it  is  necessary  to  prevent  the  formation 
oC  insoluble  deposits  on  the  anode.  These  deposits  may  become  so 
thick  as  to  prevent  the  passage  of  any  current. 

The  hest  way  of  heating  the  bath  is  to  place  the  vessel  fn  an- 
other larger  one  containing  water.  The  water  in  the  outer  vessel 
la  heated,  so  that  the  whole  arrangement  constitutes  a  water-bath. 
Or  the  bath  may  be  placed  on  an  iron  tray  filled  with  sand,  which 
1e  heated.  This  constitutes  a  sand-bath.  The  sand  enables  the 
vessel  constituting  the  hath  to  be  more  evenly  heated  than  if  it 
rested  on  an  iron  plate  in  more  or  less  imperfect  contact  with  It. 

AUterlal  ot  VesselB.— For  clipping  baths  for  sulphuric  acfd  a. 
lead-Mnefl  tank  may  be  used.  For  alkaline  dipping  aheet-Iron  or 
east-iron  vessels  are  excellent.  For  nitric  or  hydrochloric  acfd 
earthenware  or  gutta-percha  vessels  are  best.  Glass,  enameled 
earthenware,  varnished  wood,  or  gutta-pereha-IIned  wood  are 
good  materials  for  the  plating  baths. 

Metal  Molds. — Sometimes  for  reproducing  articles  molds  are 
required.  These  gfve  the  reverse  of  the  article.  By  depositinK 
by  the  electric  current  a  thick  coating  of  metal  on  them,  the 
mold  is  produced  in  reverse,  which  is  the  true  reproduction  of  the 
original  article.  Molds  are  sometfmes  made  of  fusible  metal. 
The  following  is  an  alloy  suitable  for  the  purpose: 

Bismuth  28  parts 

Tin    10  parts 

T^ead 19  ^arta 

This  alloy  welts  a  Ifttle  below  the  bo\\\Ti^-\>o\-!A  Ql^^'i-sa^- 
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One  way  of  using  it  for  the  reproduction  of  metals  or  coins 
Is  to  melt  it  and  pour  some  into  a  slight  depression  in  a  slab  of 
marble.  It  will  lie  there  in  a  flattened  globule  and  will  stay 
liquid  for  some  time.  The  medal  or  coin  to  be  reproduced  is 
chilled  and  dried  and  is  dropped  flat  upon  the  globule  from  a 
height  of  two  or  three  inches.  After  the  metal  has  solfdified,  the 
medal  is  separated  by  light  jarring.  An  exceedingly  delicate  mold 
is  thus  produced,  on  which  the  plating  is  executed.  Only  a  slight 
hollow  in  the  marble  is  required  to  retain  the  melted  metal. 
Another  alloy  is  the  following: 

Bismuth 250  parts 

Tin 125  parts 

Lead   160  parts 

Antimony    30  parts 

This  alloy,  is  used  in  a  pasty  condition,  to  which  it  is  brought  by 

proper  degree  of  heating.    It  is  then  applied  to  the  object.    After 

cooling,  a  light  yet  decided  blow  will  separate  the  two.    The  mold 

is  then  ready  for  its  deposit. 

Wax  and  Stearine  Molds. — These  are  more  generally  used  than 

metal  molds. 

Simple  white  wax  or  stearine  may  be  melted  and  poured  over 
the  surface  of  the  object,  which  latter  has  been  previously  ofled 
with  a  little  olive  oil.  The  wax  must  be  allowed  to  cool  several 
hours  before  any  attempt  is  made  to  detach  it  from  the  original. 
Another  way  of  using  wax  is  to  soften  ft  by  heat  and  to  press  the 
object  into  it.     Other  formulas  are  given,  such  as  the  following: 

Spermaceti    225  parts 

Beeswax    • ^^  parts 

Mutton  tallow 50  parts 

Plumbago  may  be  mixed  with  these  compositions  with  benefit. 
White  lead  in  dry  powder  gives  still  better  results. 

The  wax  mixtures  serve  especially  for  the  reproduction  of  flat 
oh.iocta.  such  as  medals,  coins,  or  for  electrotyping. 

Plaster  Holds.— The  object  is  covered  with  a  thin  coating  of 

olive  oil.    Plaster  of  Paris  mfxed  to  a  cream  with  water  is  painted 

on  with  a  brush,  and  after  perfect  contact  of  plaster  and  object 

///7.S  hren  thus  assured,  t\ie  rest  ot  Wife  ^\^^\At  \%  i^Qured  on.    It 

way  be  held  in  place  by  a  baud  ot  \)a^^T, 
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Elastic  riolds.— For  difficult  pieces  the  plaster  mold  can  some- 
tfmes  be  applied  in  Bectlons,  which  are  then  put  together  after  re- 
moval. This  is  not  always  an  easy  thing  to  do.  Elastic  molds 
are  often  used  for  such  cases.  These  are  made  by  mixing  a  strong 
Eolutiott  or  glue  with  molasses,  about  four  parts  of  e'l'e  solution 
to  one  of  molasses.  By  heating  together  a  perfect  mixture  is 
obtained.  This  softens  when  heated,  and  on  cooling  becomes  elas- 
tic, like  a  very  stiff  jelly.  It  is  melted  and  poured  over  the  object 
to  be  molded.  A  box  may  t>e  used  to  hold  the  object  and  to  pre- 
vent the  composition  from  running  off.  Sometimes  threads  are 
led  along  the  surface  of  the  object,  secured  by  glue,  if  necessary 
with  long  ends.  They  are  drawn  away  through  the  composition 
when  It  has  set,  and  divide  it  Into  sections. 

This  comyosition  can  be  used  on  undercut  and  complicated  ob- 
jects. It  springs  out  of  shape  on  being  drawn  off,  and  springs 
back  at  once. 

Gutta-Percha  iloUU. — Gutta-percha  softens  In  hot  water,  can 
be  pressed  upon  an  object  so  as  to  give  the  most  delicate  outlines, 
and  is  indefinitely  durable.  Gelatine  or  glue  compositions  such  as 
Just  described  may  give  finer  results,  but  do  not  form  durable 
molds.  Alcohol,  acid,  and  alkaline  solutions  are  without  effect 
on  gutta-percha.  It  Is  worked  by  being  softened  in  hot  water 
and  pressed  upon  the  object  to  be  copied.  When  the  object  Is  of 
Buch  a  shape  that  the  gutta-percha  will  not  leave  it,  application  of 
hot  water  will  soften  it  enough  to  permit  it  to  be  removed,  and 
as  it  cools  it  will  retain  the  form  given  it  by  the  object. 

In  using  any  of  these  materials,  personal  experience  counts 
for  a  great  deal. 
Preparing  flolds. — The  molds  of  non-conducting  materials  just 
I  described  have  to  be  given  a  conducting  surface.  Such  are  glue 
'■mixture,  piaster,  or  gutta-percha  molds.  Plumliago  is  generally 
I  used  for  giving  this  qualily  to  them.  The  mold  is  moistened  a 
little,  by  steam  If  of  plaster,  and  the  plumbago  Is  applied  by  a 
'  soft  brush.  It  is  rubbed  on  until  the  surface  is  bright  and  me- 
tallic in  appearance,  and  of  uniform  luster. 

Copper  powder  is  often  mixed  with  the  plumbago.  It  can  be 
made  by  putting  lumps  of  pure  zinc  into  boiling  and  satinrataA. 
eoliitjon  of  copper  sulphate.     The  z\m:  \b  soqtv  to-se^eA.  -sS^":^  ■<^'=i 
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copper  precipitated.  The  lumps  of  zinc  may  be  removed  and  the 
copper  brushed  off,  washed,  and  dried.  This  powder  can  be 
used  alone. 

Sometimes  fine  iron  powder  is  dusted  over  the  surface  after 
plumbago  has  been  applied.  On  dipping  into  a  solution  of  copper 
sulphate,  metallic  copper  is  precipitated  by  the  iron,  and  helps 
to  give  a  good  surface  for  plating. 

It  is  to  be  noted  that  deposition  of  metal  spreads  on  all  sides. 
If  it  begins  energetically,  in  one  spot,  it  spreads  as  well  as 
builds  up,  and  this  action  tends  to  produce  even  results. 

Varnish. — Red  sealing  wax  dissolved  in  alcohol  is  an  excellent 
vamfsh  for  coating  parts  of  objects  on  which  no  deposit  is  desired 
Thus  the  sides  and  backs  of  the  molds  of  fusible  metal  must  be 
varnished  to  prevent  deposition  where  it  is  not  desired,  and  where 
it  would  prevent  removal  of  the  metal  deposited. 

Oiling. — For  reproductions  on  metal  molds,  the  surface  must 
be  slightly  oiled  to  prevent  adherence.  Too  thick  a  coating  of 
oil  will  prevent  the  deposition  of  any  metal,  and  makes  the  pro- 
cess  inoperative. 

Piacing  Molds  In  the  Bath.— The  general  system  is  to  place 
the  molds  vertically  as  near  as  may  be  and  opposite  to  the  anode. 
Sometimes  the  mold  is  placed  horizontally  below  the  anode.  One 
objection  to  this  arrangement  is  that  if  any  dirt  or  scale  is  de- 
tached from  the  anode,  it  will  fall  upon  the  object  and  impair 
the  result. 

If  metal  molds  are  used,  all  connections  of  the  anode  should 
be  completed  before  the  mold  is  introduced.  If  not,  there  is 
danger  that  the  mold  may  be  attacked  by  the  solution  and  oxi- 
dized. If  the  mold,  connected  to  the  zinc  plate  of  the  battery  or 
equivalent  wire  of  the  plating  dynamo,  is  introduced  after  the 
anode  is  in  place,  its  introduction  into  the  bath  will  be  the  last 
thing  to  complete  the  circuit,  and  it  will  be  at  once  covered  with 
a  thin  coating  of  metal.  This  is  enough  to  prevent  the  mold 
from  ])ping  attacked. 

Plating  on  flolds, — ^In  using  non-conducting  molds,  it  is  well 

to  "begin  with  a  current  of  low  intensity.    The  deposit  begins  near 

(ho  /joints  of  attachmenl  ol  l\v^.  Qowdwc.lor,  and  spreads  laterally 

as  aiready  descrilx^d,    U  \vy Oiyo^^^  \^  vW^^\v^^%^^,  >iX\%  ^iQ»«isvj^  will 


ELECTROPLATING.  675 

be  brittle,  and  to  prevent  this  generation  of  hydrogen  the  current 
is  started  at  low  intensity.  A  wire  may  be  used  as  electrode  until 
the  mold  is  pretty  well  covered  with  the  deposit. 

If  air  bubbles  are  seen  in  the  interstices  of  the  mold,  they  can 
be  removed  with  a  camel's  hair  pencil  or  other  soft  brush. 

Backing  Up  Deposits. — A  thin  deposit  will  suffice  in  reproduc- 
ing hollow  objects,  if  it  is  strengthened  by  fusible  brass  or  spel- 
ter such  as  is  used  for  brazing.  This  can  be  put  into  the  interior 
of  the  reproduction  in  small  pieces  with  some  borax.  The  blow- 
pipe is  then  used  to  heat  the  whole  to  redness.  The  spelter  runs, 
and  is  made  to  spread  all  over  the  surface  by  inclining  the  mold 
from  side  to  side,  so  that  it  attaches  itself  to  all  the  interior 
surface.  The  copper  although  thin  resists  the  heat  much  longer 
than  the  spelter.  It  must  be  remembered  that  there  is  some 
danger  of  the  spelter  attacking  and  alloying  with  the  copper  and 
thus  destroying  the  reproduction.  Too  long  applied  and  too 
high  heat  will  do  this,  and  it  will  occur  the  more  easily  as  the 
copper  is  thinner.  If  the  copper  is  about  one-tenth  of  an  inch  in 
thickness,  there  will  be  little  danger  of  such  an  accident. 

Plating   on   Glass. — A  good  deal  of  this  work  has  been  done 
recently,   bottles   especially   having  silver   deposited   upon   them 
in  various  open-work  designs  and  engraved  as  desired.     Several 
methods  have  been  used.     Originally  a  varnish  or  lacquer  was 
painted  over  the  entire  surface  of  the  vessel  on  which  the  metal 
was  to  be  deposited.    When  almost  dry,  plumbago  was  dusted  over 
it,  and  it  was  polished  with  a  soft  brush.     It  was  then  wired, 
connected  to  the  tank  wire,  placed  in  the  tank,  and  left  there 
for  about  eighteen  hours'  operation  of  the  electro-plating  current, 
or  until  a  sufficient  thickness  of  metal  was  obtained.     The  snow- 
white  deposit  of  silver  was  polfshed.     The  designer  then  took  it 
in   hand,  and  painted  a  design  with  wax  on  the  surface.     The 
article  was  then  immersed  in  an  acid  bath,  and  the  silver  not 
covered  with  wax  was  dissolved.     Diluted  nftric  acid  would  an- 
swer for  this  operation.     The  engraver  finishes  the  process  by 
putting  in  any  lines  d-osired. 

The  plumbago  with  the  lacquer  formed  a  black  background, 
'which  was  undesirable.  A  more  recent  process  has  been  substi- 
tuted  for  the  one  described.     Nitrate  oi  ^Wn^t   ^ciVwVvwv  \c^:j4^^ 
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with  dextrose  solution  is  poured  over  tte  article.  Silver  is  de- 
posited by  reduction.  Any  of  the  methods  of  silvering  used  od 
astronomical  reflectors,  or  so  frequently  used  now  on  mirrors, 
can  be  employed.  In  this  way  an  exceedingly  thin  coating  of  me- 
tallic silver  is  deposited  all  over  the  surface  of  the  article.  The 
electroplating  is  done  upon  this,  and  the  processes  detailed  for 
the  plumbago  system  are  applied. 

Finally,  a  metallic  oxide  has  been  applied  wfth  some  varnish- 
like  agent  following  the  design.  On  baking  the  oxide  is  reduced, 
giving  a  metallic  coating  for  the  electroplating. 

Practical  Processes.— It  must  be  kept  in  mind  that  in  these 
as  in  other  electroplating  processes  a  description  is  not  sufficient 
to  enable  operations  to  be  successfully  performed.  Every  elec- 
troplater  has  methods  of  carrying  out  processes  which  he  has 
acquired  by  practice,  and  in  many  instances  these  methods  are 
kept  secret.  A  piece  of  plating  may  present  an  excellent  ap- 
pearance, yet  on  use  the  metal  may  scale  off.  A  considerable 
interval  of  time  may  be  required  to  show  defects.  It  is  there- 
fore important  when  a  good  and  satisfactory  process  is  evolved 
to  stick  to  it,  and  not  to  be  too  anxious  to  try  something  new. 


CHAPTER    XXXVIII. 

TELKPHONV. 

Sound.— Sound  rs  due  to  vibrations  of  matter,  generally  or  a 
ways  vibrations  of  niaaaes  of  raatter.  Thus  a  piano  produces 
sound  by  the  vibrations  ot  ita  atringa.  A  pair  of  cymbals  dashed 
;eth-er  vibrate,  and  produce  sound.  A  plate  of  iron  acted  on  by 
elec-tro-maBncticpulaea  of  attraction  vibrates,  and  produces  sound. 
The  latfr  ia  thp  teleplioiie  receiver 

Pitch.— Sounds  vary  in  pitch     Some  are  high  and  some  low. 
The  sounda   of  high   pitch   are   produced   by   relatively   high-fre-      , 
quency  vibrations    aounda   of  low  pitch  by  low-frMiuency  vibra- 
tions     The  lowe'st  note  in  a  church  organ  may  be  due  to  Ifi  vl- 
bratlona  and  the  highest  to  over  1000  vibrafioos  per  second. 

Fundamental  Note.— E^-erj  piece  of  metal  or  other  solid  has 
a  note  which  is  produced  if  the  whole  piece  vibrates  as  a  whole, 
and  is  called  the  fundamental  note.  If  two  pieces  are  of  eciual 
thicknesa  and  of  the  same  material,  the  larger  one  will  have  the 
lower  natural  or  fundamental  note.  This  follows  out  the  law  of 
strings:  the  longer  string  In  a  piano  has  the  lower  note. 

Overtones. —When  a  string  in  a  piano  is  strucit  by  the  hammer, 
a  number  of  notes  are  produced.  The  note  due  to  the  motion  of 
the  whole  atrlng  in  one  arc  of  vibration  back  and  fortli  is  pro- 
duced, and  is  called  the  fundamental  note,  due  to  what  we  may 
call  n  vibrations.  Besfdes  this  the  string  produces  notes  of  2»,  3tt, 
and  other  multiples  of  the  fundamental  note.  The  sound  due  to 
2ii  vibrations  is  one  octave  higher,  that  due  to  in  vibrations  is 
two  octaves  higher,  and  many  notes  of  intermediate  value  are 
produced  every  time  a  piano  string  vibrates.  These  high  notes 
are  called  "overtones." 

Sounaiag  Plate.— The  bottom  of  an  oft  can  p\i*i.e.ft  "on.  *-"&^  '^^ 
Jawed  to  spring  out  produces  a  sound  due  lo  ^^»  tttoVMsa  «a  ^ 
wiote    la  some  sense  It  ia  a  fundamenttkl-.  ».t  \feas.V  "v^.  -fe.'^^^s.'™ 
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the  mechanical  action  of  a  half-vibration  in  each  of  fts  motions. 
If  by  some  process  a  plate  of  metal  can  be  made  to  vibrate  as  a 
whole,  it  would  produce  its  fundamental  note.  Its  motions  would 
resemble  those  of  the  bottom  of  a  spring-bottom  oil  can.  Then 
if  in  addition  the  plate  could  be  made  to  vfbrate  back  and  forth 
in  a  quarter  of  its  area,  as  if  divided  by  two  lines  at  right  angles 
to  each  other,  one  quarter  springing  up  while  the  adjacent  one 
sprang  down,  an  overtone  would  be  produced.  If  in  addition  to 
this  the  total  surface  vibrated  in  areas  of  one-€ighth  a  still 
higher  overtone  would  be  produced. 

The  Human  Voice  when  it  produces  musical  sounds  is  very 
rich  in  overtones.  When  it  speaks,  a  very  complicated  vibration 
of  various  fundamentals  irregularly  succeeding  each  other,  and 
.  complicated  by  all  sorts  of  higher-pitch  vibrations  in  addition 
to  what  may  be  called  the  fundamentals,  is  produced.  It  is  not 
exactly  a  case  of  overtone  production,  but  of  simultaneous  vibra- 
tions of  a  number  of  pitches  produced  by  the  vfbrations  of  the 
vocal  organs. 

Principle  of  Teleplione  Receiver. — In  the  telephone  a  plate  of 
iron  is  acted  on  by  impulses  of  attraction  and  release  from  attrac- 
tion. These  impulses  vary  in  periodicity  and  intensity  exactly  as  1 
do  the  vibrations  in  the  human  voice.  The  impulses  force  the  ?| 
plate  into  vibrations  identical  in  frequency  and  relative  strength 
with  those  in  the  human  voice.  The  plate  in  producing  these 
vibrations  does  not  vilorate  as  a  whole,  but  is  forced  to  divide 
itself  into  areas  of  vibration.  The  natural  vibration  period  is 
not  the  controlling  factor.  The  plate  has  to  correspond  to  the 
pulses  of  current  going  over  the  line  and  through  the  coil  of  the 
telephone. 

The  pulses  of  current  act  upon  the   iron  plate  through  the 
intormediation  of  an  electro-magnet.     The  receiving  instrument 
oonlains  an  electro-magnet  connected  to  the  transmission  line.    In 
front  oi'  the  polo  of  this  magnet  a  plate  of  iron  is  held  very  near 
t(f  i]\e  7)ole.     The  pole  faces  its  center.     The  changes  in  current 
jinssinp;  fhroui^h  the  coW  axe  xe^eeV^^  \w  \Xv^  ^\Xx^^\\ss^M  exerts 
on  ihr  nm<jnet      The  var\aUoTvs  m  ^\\.x^cX\cm,^Vv5^Taaj5\s^^^Js\ 
^nuuu-na    in    a'second,   force  X^^e,  x^^aV.  Vx.^.  f^rr^'^^i"^ 
tions.     The  plate  vibrates  V^  s^x^.a^NV.Vo^^  ol  .X.  ^x^^X^V^- 
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dlvisfons  vary  with  great  rapidity  in  number,  areas,  and  shapes. 
A  low  note  may  make  the  plate  vibrate  in  three  or  four  areas, 
while  simultaneous  higher  notes  divide  it  into  a  quantity  of 
smaller  areas  which  vibrate  without  interfering  with  the  large 
areas  or  with  each  other. 

Such  is  the  vibration  of  the  telephone  plate.  It  is  easier  to 
think  of  when  we  picture  the  complicated  vibrations  of  a  string 
producfng  a  fundamental  tone  and  a  lot  of  overtones.  But  the 
telephone  plate  only  gives  its  natural  or  fundamental  note  by 
chance  coincidence.  The  magnetic  attraction  forces  it  into  vi- 
bration often  quite  unnatural  to  it,  and  such  as  cannot  be  referred 
to  its  natural  periodicity  of  vibration. 

The  Telephone  Transmitter,— The  above  describes  the  theory 
of  the  telephonic  receiver.  It  is  connected  by  a  wire  with  a  dis- 
tant instrument,  which  is  spoken  into  and  is  called  the  transr 
mftter.  The  original  transmitter  was  an  instrument  which  was 
a  duplicate  of  the  receiver.  Two  telephone  receivers  connected 
In  an  electric  circuit  can  be  used  as  a  complete  telephone  system. 
TThe  same  instrument  can  act  alternately  as  transmitter  and  re- 
ceiver.   . 

As  transmitter,  the  above  type  performs  the  functions  of  a 
dynamo.  The  voice  makes  the  plate  vibrate  fn  the  same  forced 
manner  as  described  for  the  receiver.  The  movements  of  the 
I>late,  which  acts  as  an  armature  of  the  magnet,  induce  currents 
of  high  frequency  of  impulse  in  the  circuit,  and  the  distant  tele- 
X)hone  reproduces  them  in  its  plate  armature  as  described. 

The  intensity  of  the  vibrations  of  the  plate  of  the  receiver  is 
Arery  much  less  than  that  of  the  transmitter.  In  the  old-time 
telephones  the  speaker  shouted  into  the  instrument  in  order  to 
tnake  himself  heard  at  the  other  end  of  the  wire. 

Invention  of  the  Microphone. — Soon  after  the  telephone  was 
Invented  about  1876,  the  microphone  was  invented,  and  the  great 
tJefect  of  the  telephone  was  overcome.     Shouting  into  the  trans- 
Initter  ceased  to  be  a  requisite.     The  microphone  varies  the  re- 
sistance  of   the   telephone   circuit.     A   current   is   ke^t  \>^^^Ywg, 
through  it  as  long  as  it  is  in  use.    As  the  resislaiieB  ol  XXv^  c\tQ^^^X. 
^han^es,  the  intensity  of  the  current  also  cYiangea.    ^\\e^^  QXv^w?^'^'^ 
^ct  upon  the  plate  of  the  receiver  and  maU-e  it  pToeiwe^e  ^^xvxv^- 
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The  changes  in  resistance  are  produced  by  the  sound  waves 
produced  by  the  voice  acting  on  the  microphone.  The  distant 
receiver  reproduces  the  sound  of  the  voice. 

Hughes  Microphone. — This  is  the  original  microphone,  whfch 
has  been  modified  indefinitely  in  the  many  telephone  receivers 
which'  have  appeared  from  time  to  time.  Referring  to  the  cut.  Fig. 
508,  C  fs  a  board  on  which  are  screwed  two  blocks  BB  of  hard 
carbon.  Holes  in  the  blocks  receive  the  ends  of  a  little  rod  of 
carbon  A,  which  rests  in  its  position  quite  loosely.  The  apparatus 
is  placed  in  circuit  with  a  battery  as  fndicated,  and  with  a  tele- 
phone receiver.    The  least  agitation  to  which  the  carbon  rod  is 

subjected  causes  the  resistance  of 
the  microphone  to  vary.  The  varia- 
tion in  resistance  causes  the  cur- 
rent to  vary,  and  a  sound  is  pro- 
duced in  the  receiver.  A  fly  walk- 
ing on  the  instrument  will  produce 
a  sound  with  every  footfall.  If 
talked  against,  the  sound  of  the 
voice  will  be  reproduced  in  the  re- 
ceiver more  or  less  perfectly. 

The  Blake  Transmitter.— For 
many  years  the  Blake  transmitter 
was  the  classic  telephone  receiver. 
In  it  a  highly-finished  block  or  button  of  hard  carbon  and  a  bit  of 
platinum  are  held  in  contact  with  each  other.  One  is  pressed 
against  a  metallic  diaphragm,  the  other  is  attached  to  an  arm  capa- 
ble of  moving  back  and  forth.  The  primary  circuit  of  an  induction 
coil  includes  these  two  buttons,  and  the  primary  current,  when- 
ever the  transmitter  is  in  use,  passes  through  the  buttons  from  one 
to  another,  and  therefore  depends  on  their  contact  for  its  comple- 
tion. When  the  mouth  is  placed  close  to  the  diaphragm  and  words 
aro  spoken,  the  vibrations  of  the  diaphragm  change  the  degree  of 
prrssnrp  existing  between  the  buttons,  these  changes  exactly  corre- 
sponflinc:  in  form  with  the  form  of  the  sound  waves.  This  varia- 
tion of  pressure  causes  changes  in  resistance,  and  therefore  by 
Ohm's  law  in  current  also,  coTTe^^cm^m?,  Va.  icrcxcL -^^th.  the  sound 
ivavcs.     These  changes  ot  cuTxeiiX.  ^.cWti^  wi  >iXi^  ^V^XascS^  x^wssa^vgi 
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Fig.  508.— Hughes's  Micro- 
phone. 
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j™  spending  to  the  original  sound  waveh 

fc  ^  This  throws  the  diaphragm  of  the  re 

I — , r-rT\^  ceil er    w hlch    Is    of    iron    and    is    the 

imaiuie  of  the  magnet  i 
Xdjtlj  similar  in  form  ti 
ansmitter  diaphragm    s 
>  reproduted 
"N.       7    h    I  The    Blai>e   transmiflpr 

\    /  r  I  iireasure  changes     W  hether  these  affect 

resistance  by  direct  variations  in  pres 
Mirp  or  bj  changer.  In  the  area  of  con 
tact  due  to  pressure  is  not  certain  It 
is  probable  that  both  actions  have  a 
part  in  the  ihenomenon 

The  cut  Fl?  SOSa  shows  the  Blake 
tiansmitter  A  in  the  opening  to  be 
siokPn  into  closed  by  a  plate  of  iron 
or  other  diaphragm  B  At  the  end  of 
spring  F  is  a  I  it  of  platinum  which 
irei-iea  against  Ihe  diaphragm  K  is 
Ihe  tarlon  button  carried  by  a  braafl 
block  P  at  the  end  of  a  Hpring  Q 
B  B  are  pillars  to  the  upper  one  of 
which  a  heavy  counter  weight  G  !•*  attaehPd  by  a  spring  The  lower 
pillar  carries  an  adjusting  acrew  N.  The  pressure  between  the 
platinum  and  carbon  button  is  thus 
regulated,  and  the  freedom  given  by 
the  spring  M,  which  carries  the  contact 
button  and  platinum  contact  piece, 
adds  to  llie  sens!  ti  yen  ess.  The  cur- 
rent passes  through  the  contact  by  the 
Springs  F  and  G. 

Loose  Carbon  Transmitters.— A 
variation  in  the  Blake  transmitter  ap- 
pears in  instruments  with  quite  loose 
carbon  contacts.  Thus,  two  disks  of 
carbon,  each   with  a.  number  o£  ilepresB\Qiv&  \^  \Xvecv,  ■roa.'i  ^«i 
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which  face  each  other  ta 
the  dieka  are  pl&ced   Is  a 
little     carbon     sphere 
These    are    thrown    Into 
motion  by  the  voice    and     j 
act  exactly  like  the  orig 
inal  Hughes  microphone,    j 
Sometimes    little    carbon    j 
cylinders  are  used     The    { 
cut    Fig    G09    shows  the 
Clamond    transmitter 
Hunning  TniiMinltUr 
— The  more  modern  type  of  receiver  which  has  met  with  moat 
i&\ar  In  this  countr>    is  of  the  so-called  Hunniug  type     This  la 
ventor  substituted   for  the  vary 


ing   ( 


t   of   i 
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accuratelj  shaped  carbon  the 
varying  contact  of  a  quantity  of 
granular  carboQ  or  carbon  dust 
It  IS  on  this  basis  that  the  mod 
ern  transmittpr  is  constructed 

In  the  cut  Fig  510  is  shown 
an  exceedlnglj  simple  embodl 
ment  of  this  Idea  To  the  right 
of  D  IS  a  diaphragm  back  of 
whirh  is  a  second  parallel  plate 
B  the  space  between  them  Is 
half  filled  with  carbon  dust  C 
Tin  icijf  expldins  itself  This 
liansiiutter  Is  ot  importance  as 
iiiMihIng  the  ubc  of  granulated 
r  11  lion  jiistoad  o£  Teg,ii\s.T\^ 
•■/i  i;jmI  pktis 

Edison's  Telephone.— TWs  \a 
ihown   in   Fig.  511.     E  is  the  -m 
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phragm.  I  is  a  carbon  disk  with  adjusting  screw  V.  A  platinum 
plate  B  B  with  an  ivory  button  h  is  attached  to  the  carbon  disk. 
The  ivory  button  is  pressed  against  the  diaphragm.  C  C  is  an  in- 
sulating ring.  The  connections  bring  the  disk  into  the  circuit, 
and  the  resistance  is  varied  when  the  instrument  is  spoken  into. 

The  Solid  Back  Transmitter.— This  modern  instrument  con- 
tains essentfally  the  following  parts:  Two  small  disks  of  polished 
carbon  face  each  other.  They  are  in  a  cylindrical  case  of  diam- 
eter slightly  larger  than  their  own.  Their  faces  are  maintained 
near  together,  but  not  touching  edch  other.  One  is  attached  to  the 
diaphragm,  which  is  fn  modern  instruments  often  made  of  alu- 
minium. The  wires  from  the  primary  of  the  induction  coil  go, 
one  to  one  disk  and  the  other  to  the  other.  The  space  between 
the  disks  and  any  space  left  in  the  cylindrical  case  fs  filled  with 
fine  carbon  dust. 

The  action  is  similar  to  what  has  been  described.  The  pressure 
exerted  on  the  carbon  powder  by  the  disks  is  changed  by  the 
vibrations  of  the  diaphragm.  -The  powder  is  also  agitated.  One 
or  both  of  these  actions  produces  the  changes  in  resistance,  to 
which  the  transmitting  power  of  the  circuit  is  due.  Which  action 
is  the  prevailing  one,  or  what  degree  of  efliciency  is  to  be  ascribed 
to  each,  Is  uncertain. 

The  Receiver.— Modern  telephone  receivers  are  of  several  types 
of  construction.  The  straight  hand  telephone  embodies  the  fol- 
lowing points  in  its  construction: 

Within  a  hard-rubber  cylindrical   case  is  a  compound  perma- 
nent horseshoe  or  U-shaped  magnet.     A  more  powerful  magnet 
is  produced  by  clamping  together  several  thin  steel  magnets  than 
where  the  magnet  is  made  of  one  piece  of  steel  as  thick  as  the 
combined  thinner  ones.    A  lamellar  or  compound  magnet  is  there- 
fore the  best.    This  magnet  has  its  limbs  so  close  that  it  fits  into 
the.  standard  India-rubber  case.     At  its  end  are  pole  pieces  pro- 
jecting in  line  with   its  limbs,  and  on  these  are  placed  cofls  or 
spools  of  fine  insulated  wire,  wound  like  coils  on  a  horseshoe  mag- 
net oppositely  to  each   other. 
At  Its  forward  end   the  eylindrieaV  eas^  e^\\\^^  ^"^  ^TK^-Si.^^^-^, 
somewhat  like  the  mouth  of  a  trwmpel   ox^t  -«\vo^^  Vc^^^  ^"^^^ 
rubber  cover  with  a  central  aperlMxe  U  s^cmt^^  >crj  ^  XX^^^*^^ 
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in  the  rubber.  It  screws  on  like  the  cover  of  a  box.  When  in 
position  it  holds  a  disk  of  iron  across  the  mouth  of  the  tube  very 
close  to  the  magnet  poles.  The  disk  closes  the  aperture  in  the 
cover. 

It  is  essential  that  the  distance  from  disk  to  magnet  poles 
shall  be  invariable.  If  the  magnet  were  secured  by  its  distant 
end,  changes  of  temperature  would  constantly  cause  this  dis- 
tance to  vary  as  the  metal  of  the  magnet  expanded  and  con- 
tracted. In  the  older  receivers  this  defect  was  present.  The 
magnet  was  secured  by  its  distant  end  to  the  case;  sometimes  it  : 
was  fastened  at  both  ends.  In  the  latter  case  changes  of  tem- 
perature were  liable  to  produce  damaging  strains.  \ 

In  the  modern  instrument  the  magnet  is  fastened  by  its  forward 
end  only.  The  four  or  five  inches  of  steel  extends  back  into  the 
case,  and  is  free  to  expand  or  contract  without  affecting  the  ad- 
justment. The  critical  distance  between  pole  faces  and  metallic 
disk  is  invariable. 

The  bobbins  are  wound  with  very  fine  wire.  One  of  the  early 
troubles  with  receivers  was  the  breaking  of  this  wire.  In  the 
modern  instruments  it  is  protected  absolutely  from  all  strain. 
Through  the  bottom  of  the  handle,  closed  with  a  solid  disk  of 
India-rubber,  pass  two  binding  screws.  Within  the  case  these 
connect  to  two  heavy  pieces  of  insulated,  wire,  which  by  being 
twisted  together  or  other  simple  arrangement,  are  held  fast,  so 
that  the  upper  ends  cannot  be  moved  by  any  manipulation  of 
the  binding  screws.  The  upper  ends  are  connected  to  the  ter- 
minals of  the  windings  of  the  bobbins.  This  secures  the  fine 
"Wire  from  all  strain.  The  telephone  receiver  is  secure  from  all 
possibility  of  a  broken  circuit. 

The  working  parts  of  a  modern  telephone  receiver  are  shown 
in  Fig.  512.  The  two  limbs  of  the  magnet  are  seen  held  parallel 
to  each  other,  with  their  upper  ends  connected  by  a  block  of  cast 
iron.  On  their  forward  ends  are  the  two  bobbins.  The  plate  of 
iron  is  held  by  a  screw  cover  across  the  opening  of  the  cup, 
within  which  the  coils  are  seen.  T\ve  ^o-x^^  q><^n^\  l^^^sss. x^^j^ ^^^.rt 
of  the  case  which  is  held  agams^  l^cve  e^T  ^i  V\v^  ^^^^^ ^'^'^K^N^^ 

the  message.  V^\^^\.c.^^  Xx^tv^x^\nx« 

The  Telephone    Induction   CoW--^^^  ^^^^^ 
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placed  In  tb«  circuit  whicli  includea  tiie  primary  circuit  of  an 
induction  coll  aud  the  exciting  Ualiery.  This  circuit  is  of  far 
lower  resistance  than  that  of  the  long  telephone  line  and  of  the 
coil  or  colls  on  the  transmitter  would  be.  In  tills  (act  !fes  one 
great  incentive  to  Its  use.  The  sound  waves  vary  the  resistance 
of  the  microphone  or  transmitter,  for  the  modern  transmitter  is 
iDvarlahly  a  microphone.  If  the  tranamitter  is  in  a  circuit  of  low 
resistance.  Its  variations  In  resistance  will  be  larger  propor- 
tions of  the  total  resistance  of  the  circuit  than  if  the  total 
reslsfance  of  the  circuit  were  hlsh.  A  variation  of  1/100  ohm 
on  a  5-olim  circuit  would  be  a  variation  of  1/500  of  the  total 


Fig.  512.— TEUipno: 


resistance.  By  Ohm's  law  such  a  variation  would  cauae  the  cur- 
rent to  vary  1/500  In  Intensity.  But  if  the  circuit  were  of  300 
ohms,  the  1/100  ohm  variation  would  only  he  1/30,000  of  the  total 
resistance,  and  would  only  produce  that  variation  la  the  current. 

Th«  use  of  an  Induction  coll  secures  this  feature.  The  primary 
of  the  coil  and  the  battery  for  actuating  it  need  only  have  a 
comparatfvely  small   resistance. 

Acting  as  the  primary  of  Ihe  induction  coll  upon  the  secondary, 
the  variations  in  current  due  to  the  microphone  action  of  the 
transmitter  indue*  potential  changes  in  the  secondary.  Thfa  im- 
presses a  much  higher  set  of  voltages  upon  Us  circuit,  and  a 
diminished  current  varying  in  intensity  In  proporlion  to  tha 
changes  In  the  primary  goes  over  ttve  Wae.  T\>.t  -c«;^-^^  \* 
wound  for  this  curr-ent  with  maT\?  tviTQS  ol  ^\Te,  ■etb  'Cb.'sS-  "^ 
aet'on  of  llie  current  on  the  magneVic  fte\4  <it  ft\e  t^eV^^-s  '^'•^ 
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creased  or  accentuated.  The  slight  current  multiplied  by  the 
large  number  of  turns  of  wire  in  the  receiver  gives  a  tangible 
number  of  ampere  turns. 

The  induction  coil  effects  two  things.  It  brings  about  a  relative- 
ly high  variation  in  the  current  changes,  due  to  microphonic  ac- 
tion, and  it  enables  a  much  smaller  wire  to  be  used  for  trans- 
mission. There  are  other  things  involved,  into  which  this  book 
will  not  go,  affecting  the  capacity  of  the  line,  the  relative  qual- 
ities for  clear  transmission  of  a  small  wire  with  small  current  or 
of  a  large  wire  with  correspondingly  large  current,  and  other 
similar  points. 

In  Fig.  513  B  is  a  battery,  T  represents  a  transmitter,  and  P  the 


L' 


Fig.  r>i;j.— Induction  Coil  in  Teleimiose  Circuit. 


primary  of  an  induction  coil,  whose  secondary  is  indicated  by  S. 
The  telephone  receiver  R  is  brought  into  circuit  with  the  second- 
ary of  the  induction  coil  by  the  line  wire  L  L'.  This  illustrates 
tlio  i)lace  of  an  induction  coil  in  a  telephone  circuit. 

The  extension  of  the  telephone  is  made  much  easier  by  the 
iiso  of  small  wires.  A  lead-covered  cable,  not  much  over  three 
inclK's  in  diamotor  at  its  bulkiest  parts,  such  as  joints,  can  accom- 
nKMlau^  wires  enouKh  for  fifty  or  more  metallic  circuits.  In  the 
•   •/./y/rr  nJinost  invisible  wires  eaiTi  Vi^  r^x\\^v\  cwo^TlvQad  through 

^ont:-  span^   at    very   slight  exx^eiv^o.     ^\\vi  \wv\\\v.'Xvya.  ^<5kS^  \sv'?!i^*v'^'a» 

'/;■>>  iiriciica])!^  in  service. 
Dimensions  of  Telephone  InduclXon  CoV\*  -'^\^^^^^^^^'^^^"-' 
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indiicttoa  coils  Include  the  turns  of  wire  in  primary  and  Becond- 
dry.  the  size  and  length  of  wires,  and  the  consequent  reslatancea. 
The  iron  core  made  of  soft  iron  wires  ts  not  generally  stated. 
The  best  dimensions  are  determined  hy  trial  rather  than  by 
calculation.  Coils  are  tested  over  various  lengths  of  line  with 
transmitters  ot  Ibe  class  eventually  to  be  used  in  the  servfce.  In 
general,  it  has  been  found  that  a  coll  good  for  one  distance  was 
good  for  another. 
With  the  old  Blaho  transmitter  in  this  country  an  iaductlon 


«-U- 


N  Con. 

coil  of  one-half  ohm  primary  and  250  ohms  secondary  was  nsed 
An  extreme  case  ot  a  iow-reslstanee  toll  has  been  used  on  long 
distance  lines  in  this  country.  This  one  had  a  primary  coil  re 
aitilance  of  0.3  ohm  and  a.  secondary  coil  resistance  of  14  ohms. 
The  ratio  or  reaiatanca  In  the  first  case  was  1  to  500,  In  the  second 
1  to  40.     The  last-d escribed  coli  had  a  very  large  core. 

The  following  are  the  dimensions  of  a  typical  modern  coil  (or 
ordinary  work:     Core  about  5  lathes  long  aad  9/16  Inch  io  diam- 
eter,  composed   of   500   strands   of   No.    24    American   gauge   aoft 
Swedes  iron  wire.     The  core  ia  contaVlveA  \'ft  ^  "Civ\-q.  V-oNva  «V  «i». 
'lb  E,jtiare  wooden  heads  or  flat\c;es  at  \.\ve  etii?,.    "^Ve  ■sjVisBa.t^ 


coll  Is  wound  on  the  tube.     It  Is  c 


688  ELECTRICIANS'    HANDY    BOOK. 

layers  are  wouod  in  200  tuma.  Paper  is  wound  over  It  a 
layere  deep,  and  the  secondary  la  wound  on  this.  It  consists  of 
two  lines  of  No.  34  wire  making  1.400  tiime.  Tbe  resislanee  of 
the  primary  coil  ia  0.38  ohm.  ot  the  secondary  75  ohms,  Tbia 
glVea  a  realstam^e  ratio  or  about  \  to  19  and  of  tnrna  1  to  7  only. 
Large  wires  are  connected  to  the  windings  and  aecured  so  as  to 
prevent  any  strain  coming  on  the  windmgi 

FigH.  514  and  51B  give  a  sectional  liew  and  aide  view  of  a 
modern  coll  with  its  primary  coll  and  aecondary  coll  wound  on  a 
core,  consisting  of  a  bundle  of  Iron  wire 


Via    iliL— Bracket  Ti!i.efbdi 


Induction  Colls  In  Brocket  Telephones.— Coils 

placed  in  the  basts  of  swinging  bracket  telephones.  Fig.  SIS 
shows.  SQCh  a  telephone  and  Fig  517  shows  the  section  of  the 
chamber  at  it's  base   within  which  Ihe  induction  coil  is  placed. 

Effect  of  tbe  Telephone  Induction  Coll. — The  universal  use 
of  induction  loiia  bhuw<  that  thev  aiy  valuable  in  telephony.  The 
ratio  of  reduction  of  current  is  not  so  great  as  it  would  seem  tha^ 
it  might  he 

They  exercise  an  efTect  on  the  current  alao.  The  mlcroplione 
current  H  unifom  in  direction  but  of  varying  intenaity.  By  Oie 
Induction  coll  this  current  ia  changed  to  an  alternating  onfc 
Tbe  direction  during  the  Vncteaae  ot  -mtoa^iViiie  1[<.'^\«^a3»».^9k^fc 
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one  direction,  and  during  the  decrease  in  the  other.  When  the 
microphone  is  inactive,  a  steady  current  passes  in  the  microphone 
circuit  if  the  receiver  is  olT  its  hooli,  while  In  the  secondary  induc- 
tion coil  circuit  under  this  condition  no  current  whatever  paeses. 

la  modern  central  battery  practice  they  can  no  longer  be  con- 
sidered to  have  much  effect  In  reducing  the  size  of  line  wire,  ow- 
ing to  the  absence  of  any  battery  at  the  customer's  telephone  ap- 
paratus. 

The  Telephone  M^neto.— The  bell  magneto  has  already  been 
spoken  .o£  In  this  book.    Although  not  part  of  a  telephone  sys- 


FiUS.  618 


Uaoneto. 


">  many  have  been  and  still  are  In  use  as 
3  description  must  be  given  of  them 


_  tem  strictly  speaking,  s 
calling  apparatus  that  i 

The  raagn-Eto  used  for  calling  the  central  office  ( 
fi;l(i  composed  of  several  U-shaped  permanent  magnets,  between 
whose  poles  a  single-coll  armature  la  rotated  by  turning  a  handle. 
On  the  shaft  of  the  handle  la  a  cogwheel  which  actuates  a  much 
smaller  one  on  the  shaft  of  the  armature,  so  as  to  give  it  a  sufft- 
clentiy  high  speed  of  rotation.  Two  sprocket  wheels  and  chain 
are  sometimes  used  for  the  same  purpose  Instead  of  gear  wheels. 
Figs.  518  and  519  show  a  magneto  generator,  and  Fig.  520  shows 
its  armature  core. 

Some  device  is  usually  applied  to  cut  t.\i^  a.vKa.l^M*!  qniN.  ti\  «^- 
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Fio.  SSOl—Abmatubb  Cobb  of  Mag- 
neto Bbli*. 


cult  when  not  In  use.  Sometimes  the  shaft  of  the  large  gear 
wheel  Is  free  to  move  in  the  direction  of  its  length  a  short  dia- 
tance.  In  one  position  which  it  takes  when  at  rest,  it  makes  con- 
tact with  the  wire  and  short-circuits  the  armature.  When  the  lat- 
ter is  to  act,  then  the  turn- 
^^^r^^Jr-ti-  -"-  — ^H  ing  of  the  handle  automati- 

cally shifts  the  shaft  a  short 
distance,  and  breaks  the  cir- 
cuit, so  that  all  the  current 
passes  through  the  armature. 
The  shifting  of  the  axle 
may  be  effected  by  the  use  ol 
a  cylindrical  cam  on  which  i 
projection  on  the  shaft  rides  up.  This  cam  may  be  formed  on  Uu 
hub  of  the  large  gear  wheel,  which  wheel  is  so  mounted  that  il 
cannot  move  along  the  line  of  the  shaft,  while  the  shaft  can  movf 
back  and  forth  through  the  aperture  in  its  hub.  In  Fig.  521  thii 
apparatus  is  illustrated.  The  large  gear  wheel  C  carries  the  can 
on  which  the  pin  P  rides  up,  shifting  the  shaft  to  the  right  an( 
breaking  the  contact  be- 
tween its  end  and  the  Bg 
spring  O. 

The  magnets  in  this 
generator,  made  by  the 
Western  Telephone  Con- 
struction Company,  are 
made  of  magnet  steel, 
in  cross  section  %  inch 
by  %  inch,  and  are  bent 
into  shape  cold.  The 
air  gap,  which  is  the 
distance  from  the  arma- 
ture surface  to  the  surface  of  the  magnet  poles,  may  be  as  smal 
as  1/100  inch.  A  cast-iron  core  turned  so  that  it  fits  with  thi 
slight  clearance  between  the  poles  is  wound  with  Insulate 
wire  The  pole  pieces  ot  l^i^  Taa.ssi^\.  ^^^  ^\.\»j2w5^  \»  \3ca.  end 
of  the  magnets,  and  ar^  \>ot^^  omX  \.q  1^^^  ^  ^^ts^^^  \s.x  ^ 
armature  to  revolve  in. 


FiQ.  62L— AnroMATZo  MAOxnero  Switoh. 


TELEPHONY.  S91 

Manj  (Iffferent  magnetofe  have  been  conatriicled  dlfferins  onlj 
in  detail  The  current  produced  is  alteinating  and  of  the  sine 
type  approximatelv  The  belH  which  ar<>  mounted  on  the  face  of 
the  magneto  case  are  rung  by  a  hammer  operated  hy  an  electro 
magnet  with  polarised  relay 

The  armatnre  i";  in  improved  conetructiona  made  of  laminated 
type  built  up  o£  thfn  disks  held  upon  a  shaft.  The  pole  pieces 
are  sometimes  laminated  also 

The  armature  of  the  10  000  ohm  magneto  is  wound  with  No  3S 
or  3fa  American  wire  gauge  silk  covered  wire  The  dassifica.tion 
of  magnetos  is  based  on  the  reiistanee  of  a  Ime  through  whiLh 
they  can  ring  a  bell  The  figure  such  as  10  000  ohms  above  ex 
pre-ises  line  r^sistam  e  and  has  no  direct  reference  to  the  di 
menslons  of  the  magneto  The  reaistanct  of  the  armature  of  the 
above  magneto  may  lary  from  400  to  550  ohms  The  magnets  oE 
the  bells  are  wound  with  No  ^1  American  wire  gauge  wire  to  a 
reeibtance  of  75  to  100  ohms  Silk  Insulated  wire  Is  used  for 
winding 

These  dimensions  applj  to  magnetos  used  on  series  work     But 
sometimes  calling  bells  are  connected  across  a  circuit  like  lamps 
iQ  parallel      Such  arrangement  is  called  in  telephone  practice 
bridging   work      For   thi"!   work   a   high   inductance   in   the   beil 
magnets  fs  required  to  prevent  the  rapidly  alternating  speaking 
cnrrent    from    going    through    the    coila       It    must    be    shunted 
through  the  receiver  in  parallel  with  the  bell  magnet  coils      The 
ESnerator  for  brldgins  work  should  ha\e  a  btronger  fltld  than  that 
me  Just  described,  with  a  longer  armature  wound  with  No. 
J  wire  to  about  350  ohms     The  bell  magnets  are  wound  to  as 
JMgh  a  resistance  as  1.000  ohms  with  No    33  single  siik-covered 
I-  to  1,200  to  1,600  ohms  with  No.  38  wire     The  thing  prln- 
r^lpally  wanted  Is  not  resistance,  but  inductance,  so  that  they  shall 
3  choke  coils  for  the  speaking  current 
In  central  stations  large  magnetos  or  alternatora  are  driven 
hy  power  an:1  kept  constantly  In  action.  Current  for  ringing  is 
I  from  them  by  the  operatives  as  reqiilreil. 
Polarlzeil    Bell.— This  fa  the  hell  -wWcli  te  ■raTi^'^-s  "Cae:  w.-a.-er.t'va- 
Tt  fs  shown  fn  Figs.  G22  and  523.     T^«  eAec^'co--m».ie&'^"^ '^*-'*-  '^'^ 
armature  pivoted  below  it,  and  to  the  Qentex  ot  'w'tvvt'a  VXvs.  ds-ws^ 
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of  the  bells  Is  attached.  The  armature  Is  a  bar  of  Bteel,  and  Is 
magnetized  bo  ae  to  bave  a  nortb  pole  at  one  end  and  a  eouth 
pole  at  the  other.  When  an  alternating  current  from  the  mag' 
neto  passes  through  the  windings  of  the  magnets,  their  strengtba 
change  with  eaub  alternation  of  current,  so  that  the  polarized 
armature  swings  first  one  way  and  then  another,  thus  keeping 
the  clapper  In  motion,  so  as  to  ring  the  bella  placed  within  Its 
range  of  motion. 

Telephone  Syatems.— The  general  installation  of  a.  telephone 
system  Includes  these  elements:  A  microphone,  termed  the 
transmitter,  is  the  apparatus  spoken  against  This  is  In  a  cir- 
cuit through  which  a  current  flows  when  the  transmitter  Is  la 


Figs.  6^  and  SKI.— Polarized  Armaturb  Bbui. 


ISP.  On  this  circuit  is  a  source  of  potential  which  maintains  the 
■iirrent.  Generally,  this  circuit  Includes  the  primary  circuit  ol 
111  induction  coil.  There  is  a  secondary  circuit  of  the  fndue- 
ion  coil,  which  is  in  circuit  with  the  receiving  instrument  The 
■ccciver,  as  it  Ik  called.  Is  a  modification  and  only  a  slight  one  of 
be  Hell  telephone  of  twenty-five  years  ago.  To  effect  electrfcal 
-oiinci'l  ion  l:i'1ween  different  customers,  there  Is  a  central  station. 
■s  from  the  customers*  houses  go  to  the  central  station,  and  by 
s  of  Olio  or  more  awUcWnoavte  i;o\cim.'in\\'»Vi.OTi.  Is^lween  any 
n.-if  omera  is  broHsht  a\iw\\  V-a  a  ^«w  ssto'o.it.  -^^mSc^  .  ■ 

ratus  fs  inchiflefl.    ^tv  \\\e  ^o'cv^^_o^^'^ 
(libJe 


AVir 


*  "CWvs.  ig.- 


ibJe  signal,  generaUy  t\i^  x^u^Vu^  ^^  ^^^'^^  ^^"^^^ 
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oflSce  a  shutter  is  dropped,  making  a  click  and  exposing  the  num- 
ber of,  the  customer,  or  else  in  more  modern  practice  an  in- 
candescent lamp  at  the  customer's  number  on  the  switchboard  fs 
lighted  when  a  call  is  made. 

In  many  systems  at  the  present  day  there  is  a  battery  in  every 
customer's  house.  In  more  modern  practice  all  the  current  is 
supplied  ^rom  a  storage  battery  at  the  central  station.  Protec- 
tive devices  to  secure  the  system  from  lightning  and  damage  from 
crosses  with  other  wires  are  among  details  which  form  in  mod- 
ern practice  essential  parts  of  the  system. 

House  Connections. — The  house  connections  for  a  telephone 


Fig.  524.— Housb  Tblbphonb  Connbotion.   Hook-Switch  Deprbssbd. 


instrument  with  private  battery  have  been  variously  carried  out 
from  time  to  time.  A  diagram  of  a  typical  system  fs  given  in 
the  cuts.  Figs.  524  and  524a.  LL'  are  the  lines,  M  the  magneto, 
C  the  call  bell,  T  the  transmitter,  B  the  customer's  battery,  P 
and  S  the  primary  and  secondary  of  the  induction  coil,  R  the  re- 
ceiver, and  the  hook-switch  on  which  the  transmitter  is  hung 
when  it  is  out  of  use  is  seen  on  the  left  of  the  coil. 

The  first  position  shown  is  that  in  which  the  hook-switch  is 
down.    This  is  brought  about  in  practice  by  hanging  the  receiver 
on  the  hook-switch.    The  illustrations  show  the  cIyqasaI,  \\^Ov»>S^ks5?^ 
the  receiver,  induction  coil,  battery,  and  UansmNXX^x ,  ^-^^  *<^'^  ^'^'^^ 
necting  line  b,  all  ot  which  are  thrown  owl  ol  oXx^xiNX-  -«\^^^  "^^ 
hook-switch  is  depressed  and  connecta  ^\\ii  ^«^^  ^^"^^  *^^ 
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An  alternating  current  sent  over  the  line  from  the  central  sta- 
tion goes  through  the  magneto  armature  coil,  then  through  the 
bell,  ringing  the  latter,  and  by  way  of  the  hook-switch  and  stud 
3  and  connecting  wire  a  back  to  the  other  line  L'. 

In  this  position,  if  the  handle  of  the  generator  is  turned,  an 
alternating  current  will  be  sent  over  the  line  and  will  ring  the 
bells  at  the  central  station  or  will  operate  any  form  of  «ignal  ap- 
paratus employed   there. 

The  receiver  is  not  shown  on  the  hook,  in  order  to  make  the 
diagram  clearer.    It  is  supposed  to  be  hung  upon  the  hook-switch. 

On  hearing  the  call  the  customer  unhooks  the  receiver,  and  the 
hook-switch  springs  up.    It  opens  the  circuit  at  3  and  closes  the 
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Fio.  624a.— House  Telephone  Conkeotion.    Hook-Switoh  Raised. 

circuits  at  1  and  2.  The  cut.  Fig.  524a,  shows  the  connections  thus 
brought  about.  What  before  were  inactive  wiresj ^become  active. 
The  magneto  and  its  bell  are  cut  out  of  circuit      ^"'^^^^ 

Tracing  the  connections  on  this  diagram,  it  will  be  sS^  that 
the  receiver  is  now  in  circuit  with  the  line  L',  and  through  the 
secondary  S  of  the  induction  coil  with  the  line  L.  A  message 
can  be  received  by  it.  The  transmitter  is  in  circuit  with  the 
battery  and  primary  of  the  induction  coil.  The  circuit  contain- 
mg,  these  three  1«  Closed  through  the  contact  2  and  the  hook- 
switch.  The  hook-swftch  acts  as  a  conductor  for  both  primary 
mul  sfrondary  currents  ixom  \Xi^  m^weXXoTt  <i)cA\,  wvd  as  conductor 
for  the  talking  current  iromt\i^  ^VsXajiX. \ii%\.xNvmssQJu  VcLXXva^yc*^- 
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tlon  Bhown,  the  primary  coll  of  tha  Induction,  coll  is  on  closed 
ctrciilt,  and  a  direct  current  goes  Ihrough  the  transmitter. 

When  the  transmitter  is  spoken  Into,  the  primary  current 
varies  as  described,  and  the  secondary  current  Induced  goes 
through  the  receiver  to  the  line  L  L',  and  through  the  hoot-swltch, 
connection  1,  line  &,  to  the  other  line  L. 

Series   Telephone   Clrcult.-^bis  is  shown  In  Fig-  526.     The 


ClBCCIT. 


line  -wires  connect  at  1  and  3.  When  the  hook-switch  is  depressed, 
the  hell  B  Is  in  circuit  with  the  line  and  the  magneto  M  is  short- 
circuited.  When  the  customer  operates  his  generator  this  Bhort 
circuit  Is  automatically  opened.  When  the  hook-switch  is  de- 
pressed the  receiver  R  is  alao  cut  out  of  the  circuit.  The  connec- 
tions are  now  adapted  for  calling  up  by  the  bell  B  only. 

On  unhooliing  the  receiver  R,  the  hook-awltch  L  springs  up, 
opens  the  hell  circuit,  and  closes  l>oth  the  circuit  of  the  transmit- 
ter T  with  the  primary  P  of  the  induction  coU  \\i  t\Tt\i'A.'«\'Oa.'^- 
and  the  circuit  ot  the  receiver  R  wlttv  tiia  aeco^aavs  S>  ■A'Co.^'i^- 
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duction  coil  in  circuit  with  it.    The  connections  are  now  ready  to 
transmit  and  receive. 

In  this  cut  and  in  Fig.  526  central  binding  posts  2  are  shown. 
These  are  for  connecting  to  the  ground  for  the  lightning  arresters. 

Bridged  Telephone  Circuit. —  Circuits  of  this  description  are 
characterized  by  the  fact  that  the  bell  is  connected  across  the 
lines  permanently.  A  bridged  '.circuit  is  given  in  Pig.  526.  The 
bell  C  is  permanently  connected  between  the  lines  1  and  2.  Its 
magnets  are  wound  of  high  resistance  and  have  high  inductance. 
Whether  the  hook-switch  H  is  up  or  down,  the  bell  circuit  is  in 
the  same  connection,  being  quite  independent.  But  the  resistance 
and  reactance  of  its  magnets  make  it  an  effectual  barrier  to  tele-  ; 
phonic  currents;  for  them  it  is  a  choke  coil.  The  magneto  M  is  ] 
in  a  second  bridged  circuit,  normally  open,  but  closed  when  the 
handle  is  turned.  These  are  parts  of  the  calling  circuit.  The 
talking  circuit  with  the  receiver  R  in  circuit  with  the  secondary 
S  of  the  induction  coil  is  a  third  bridge  circuit,  open  when  the 
hook-switch  is  depressed. 

When  the  telephone  is  taken  off  the  hook,  it  rises  and  closes 
the. talking  circuit  and  also  the  local  transmitting  circuit.  In 
the  latter  the  primary  P  of  the  induction  coil,  the  transmitter 
T,  and  battery  B  are  included  in  series. 

A  switch  is  shown  at  k  at  the  magneto.  This  is  supposed  to  be 
operated  by  hand  to  close  the  magneto  circuit  when  the  central 
is  to  be  rung  up.  An  automatic  closing  device  similar  to  that 
already  described  for  the  magneto  is  also  used. 

The   Hook-Switch. — Considerable  thought  has  been  expended 
on  the  best  construction  of  the  hook-switch.    Platinum  connecting 
points  or  studs  are  the  best,  and  it  is  an  object  to  have  a  little 
sliding  action  as  they  open  and  close  with  the  rise  and  descent    ] 
of  the  switch.    This  tends  to  keep  the  contacts  in  good  condition 
and  free  from  dust.     The  contact  action  is  only  due  to  gravity    j 
^\hcn  the  receiver  is  hung  up,  and  to  a  spring  when  the  receiver 
is  n moved  and  the  hook-switch  springs  up.     If  the  contacts  do 
Hli(^o.  Ihey  should  slide  only  on  a  conducting  surface,  not  on  an  in- 
hulntinii:  surface  and  then  on  a  conducting  one.     Sliding  contacts 
/./•//jrr  n^'-out  cutting  as  one  ol  \\ve\T  o\i^^cX\Qrcv^\^  \«a\Na^^, 
If  plp.tinum  contacts  are  used,  ^\\^\ti^  ^wi\."Wi\.^  ^t^  \ia\.TiRRRSr 
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sary;  for  such  metals  as  brass  they  are  requisite.  To  prevent 
cutting,  it  is  a  good  plan  to  make  the  two  surfaces  of  dissimilar 
metals,  just  as  in  steam  engine  and  heavy  machine  practice.  The 
use  of  brass  surfaces  with  German-silver  springs,  sliding  as  they 
make  contact  on  the  brass,  is  considered  good  practice.  Sometimes 
the  lever  or  hook-switch  arm  forms  no  part  of  the  circuit,  but 
it  generally  does.  The  journal  or  pivot  screw  should  not  be  de* 
pended  on  as  part  of  the  circuit,  but  should  be  reinforced  by  a 
flexible  wire  twisted  into  a  spiral  spring,  with  its  ends  soldered 
one  to  the  base,  and  one  to  the  switch  arm.  It  is  well  to  pass  the 
ends  of  the  wire  through  holes  and  solder  it  in  them  after  burring 
or  riveting  its  ends. 

Comiiioii  Battery  Systems. — The  most  advanced  system  of  tele- 
phone installation  has  no  local  batteries  in  the  house  sets  of  tele- 
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/         "X^J' V 


h^  ^^  Mr. 

Fio.  627.— Common  Battery  MBTALiiio  Circuit  Systbm. 

phoning  apparatus.  In  very  many  installations  the  local  battery 
is  still  employed,  and  the  circuits  hitherto  shown  in  this  book 
have  embodied  it. 

The  simplest  representation  of  a  metallic-circuit  common  bat- 
tery system  is  shown  in  Fig.  527.  B  is  the  battery  at  the  central 
station.  This  is  always  a  storage  battery.  At  P  are  plug  switches. 
The  line  drawn  through  the  center  of  each  switch  indicates  insu- 
lation of  the  two  sides  of  the  plug  from  one  another.  When,  the 
plugs  are  inserted,  the  two  line  transmitters  T  and  receivers  R 
and  the  battery  are  all  thrown  into  circuit.  It  will  be  understood 
that  the  house  connections  are  here  omitted,  the  receiver  and 
transmitter  merely  indicating  them.  They  follow  the  general 
lines  of  those  used  with  the  local  battery. 

The  system  is  shown  in  this  cut  as  applied  to  several  sub- 
scribers. The  low  resistance  of  the  battery  prevents  any  notice- 
able amount  of  current  being  deflected  from  one  circuit  vcAa  \Xs5^ 
other. 
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Sometimes  choke  coils  are  used  between  the  central  battery 
and  the  subscribers'  lines.  These  coils  permit  the  passage  of  di- 
rect current  from  the  battery,  which  gives  the  basis  for  the  trans- 
mitters to  work  on.  The  choke  coils  cut  off  all  chance  of  inter- 
communication between   independent  circuits. 

Stone's  Common  Battery  System. — The  diagram.  Fig.  528, 
shows  two  circuits  supplied  from  a  single  battery  B.  The  coils 
used  are  of  but  slight  resistance  compared  to  that  of  the  rest  of 
the  circuit,  but  are  of  considerable  impedance.  The  battery  main- 
tains a  direct  current  through  any  of  the  circuits  it  is  plugged 
into  or  connected  with.  The  transmitter  when  talked  into  causes 
this  current  to  vary,  and  a  speaking  current  fs  thus  produced, 
restricted  practically  to  its  own  circuit  by  the  inductance  of  the 
coils.    This  inductance  resists  the  passage  of  an  alternating  or 
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Fig.  528.— Stonb's  Common  Battery  System. 

undulatory  current,  such  as  that  of  the  speaking  type  produced 
by  the  microphonic  action  of  the  transmitter.  This  system  is 
due  to  John  S.  Stone. 

Dean's  Common  Battery  System. — A  most  ingenious  applica- 
tion of  the  choke  coil  enables  both  lines  of  a  metallic  circuit  to 
be  used  in  parallel  for  sending  current  to  the  transmitting  circuft 
with  a  ground  return.  The  diagram,  Fig.  529,  gives  the  general 
features  of  the  system. 

The  central  station  battery  B  is  grounded.     It  connects  from 

its  other  terminal  to  the  center  of  a  choke  coil  I  whose  winding 

Is  connected  across  the  two  leads  of  the  metallic  circuit.    At  the 

su])scriber's  end  of  the  circuit  another  choke  coil,  I,  is  connected 

across.    From  its  center  a  coniieeUoii  ls»  XaNjl^tl  Xa  %.  \^^ia\  ^v^<^ 

circuit,  including  the  primary  ol  an  Vh^m^Wotl  coi^  ^\i.^  ^  XTvoar 
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DiHter.  A  ground  connection  ia  taken  from  a  point  of  tbla  cir- 
cuit opposite  to  the  otlier  connection  and  between  transmitter  and 
primary  of  the  induction  coil. 

From  the  battery  when  all  conneetiona  are  made  a  direct  air- 
r^ut  goes  through  the  two  branches  of  the  cholte  coiT  I  to  both 
leads  of  the  metallic  circuit.  It  goes  through  both  of  these  In 
parallel  and  through  both  parta  of  the  choke  coll  I  to  its  central 
connection.  Thence  It  goes  through  both  branches  of  the  closed 
primary  of  the  coil  in  the  transmitter  circuit  to  the  ground.  In 
thfs  closed  circuit  the  current  divides.  Part  goea  through  the 
primary  p  of  the  Induction  coll,  but  without  effect,  as  It  la  a  con- 
stant current     Part  goes  through  the  transmitter  T. 

These  variations  in  current  through  p,  due  to  th«  voice  acting' 


Fio.  5S8.— Dean' 
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on  the  transmitter.  Induce  a  speaking  current  in  the  metallie  cir- 
cuit, which  includes  the  secondary  s  of  the  Induction  coil,  and  the 
receiver  R  at  each  station.  The  Inductance  of  the  choke  coils  pre- 
vents any  of  the  talking  current  going  through  them,  so  that  the 
circuit  for  talking  purposes  Is  a  true  metallic  one. 

By  the  use  of  choke  colls  on  the  same  principles  it  haa  been  pro- 
posed to  have  local  storage  batteries  ln»the  auhacribera'  sets,  and 
to  charge  them  from  the  central  station.  The  use  of  choke  coils 
enables  the  two  lines  of  the  metallic  circuit  to  be  used  In  parallel 
for  the  charging  current  with  a  ground  return.  The  parallel  cir- 
cuit thus  given  is  of  one-half  the  normal  resistance  of  the  line. 
The  current  flowing  In  the  same  dfrection  in  both  leads  at  the 
Bubscriher'3  station  divides  between  the  storage  battery  on  one 
side  and  the  transmitter  with  a  special  resistance  coil  on  the 
other.  The  resistance  coil  and  fransmftter  with  their  real6tB.Tu;«s. 
In  eertea  sbunt  most  of  the  current  t\iYoui^  Va^  BX.Q^a.tf.Xwi.^Mim. 
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Pftrty  Lines. — The  expense  of  a  telephone  distribution  system 
is  materially  diminished  by  grouping  private  stations  which  are 
near  to  each  other  in  groups  of  four  or  mo7*e,  and  serving  them 
all  with  a  single  circuit  from  the  central  office.  The  first  thing 
Involved  is  the  calling  up  of  any  one  subscriber  of  the  groups 
from  the  central  station  without  calling  up  the  others. 

Polarized  Bells  for  Party  Lines* — In  some  systems  i>olarized 
bells  are  used.  The  general  principle  of  these  may  be  given  in 
a  few  words. 

One  type  of  polarized  bell  is  one  .whose  magnet  armature  is  a 
permanent  magnet,  and  which  is  attracted  to  the  electro-magnet 
by  current  in  one  direction  and  repelled  by  that  in  another.  If 
.  a  current  in  the  direction  which  attracts  the  armature  is  sent 
through  the  magnet,  coils,  the  armature  will  move  toward  the 
magnet  poles  and  the  striker  will  strike  the  bell.  If  the  current 
ceases,  it  will  be  drawn  back  by  the  spring.  An  intermittent 
current  in  one  direction  will  keep  the  striker  in  vibration,  and 
the  bell  will  ring  continuously.  If  the  current  is  in  the  other 
direction,  it  will  repel  the  armature  only  and  no  ringing  will 
be  produced. 

The  bells  in  two  of  the  subscribers*  houses  are  connected  to 
one  lead  of  the  circuit  only,  and  are  grounded  from  the  other 
terminal.  These  bells  are  oppositely  polarized.  By  sending  a 
ringing  current  in  one  or  the  other  direction,  either  bell  can  be 
rung  as  desired. 

On  the  other  lead  of  the  main  circuit  two  more  bells,  also  op- 
positely polarized,  are  connected  and  grounded,  each  at  a  sub- 
scriber's house.  By  using  this  lead  and  sending  ringing  currents 
of  opposite  directions,  either  of  these  subscribers  can  be  called  up. 

The  four  bells  by  this  arrangement  can  be  individually  rung 
from  the  central  station. 

Eisht  hells  can  be  individually  rung  by  calling  upon  variation 
in  current  strength  as  well  as  polarity. 

Four  polarized  bells  wound  to  high    resistance  are  connected 
oxnrfly  a^  flescr ibed,  on  the  towx  tcvo^I  d\"&l"aAvl  Italians.    These 
cnn  he  rung  by  a  light  current  oiv^  a.t  ^  V\t£v^.  ^^s^  ^^.'5:vc'^^. 
At   the  nearer  stations  foiir  po\aT\7.e^  \^^^^^  ^^^  "^""^^^^^  ^^!; 


>erIos,  two  oppositely  polarized  oii  eae\i  \ei^^- 
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to  low  resistance,  and  are  not  actuated  by  the  slight  current 
which  rings  the  further  bells.  But  if  a  strong  enough  current 
to  ring  one  of  them  is  sent,  a  relay  situated  beyond  them  is 
actuated  and  grounds  the  line  at  that  point.  The  bell  at  the 
nearer  station  is  then  rung  through  the  ground  connection,  which 
connection  cuts  out  the  bells  beyond  the  house  in  question.  In 
any  case,  only  one  of  these  would  be  rung,  on  account  of  its 
polarity  and  of  the  direction  of  the  current. 

Suppose  that  a  line  is  fitted  with  four  polarized  bells  as  de- 
scribed on  page  700  for  four  separate  subscribers'  stations.  Using 
both  lines  in  parallel,  as  if  they  were  one,  two  oppositely  polar- 
ized bells  can  be  connected  thereto  and  grounded.  They  can  be 
operated  exactly  as  the  two  bells  on  either  lead  of  the  line.  The 
full  metallic  circuit  can  be  utilized  for  two  more  bells.  This 
gives  eight  subscribers  on  a  single  circuit. 

In  practice  this  system  is  operated  by  ordinary  bells  actuated 
from  a  local  battery.  The  bell  and  battery  are  connected  in 
a  local  circuit  opened  and  closed  by  polarized  and  neutral  relays, 
differently  connected  as  regards  their  polarization,  there  being 
two  relays  for  each  station  and  bell. 

The  armatures  of  both  relays  at  a  house  must  be  released 
from  attraction  and  rest  against  their  back-stops  to  cause  their 
bell  to  ring.  The  operator  by  sending  current  in  one  or  the 
other  direction  over  one  or  the  other  of  the  leads,  or  over  both 
in  parallel,  can  ring  any  of  the  eight  bells.  One  arrangement 
is  to  utilize  six  of  the  single-wire  and  through  circuit  connec- 
tions for  subscribers'  signals,  and  to  use  the  remaining  two 
for  lockinsi;  the  hook-switch,  so  that  the  central  office  cannot  be 
called  when  the  line  is  in  use  by  another  subscriber. 

Harmonic  Signal  for  Party  Lines. — Jhe  armature  of  an  elec- 
tro-magnet can  be  mounted  with  a  flat  straight  spring  in  place 
of  a  pivot.  Such  an  armature  if  pulled  to  one  side  and  released 
will  swing  back  and  forth  and  vibrate  at  a  frequency  depending 
on  its  weight,  the  length  and  the  stiffness  of  the  spring.  If  a 
series  of  impulses  are  imparted  to  it,  coinciding  in  frequency 
with  Its  own  natural  frequency,  it  ^\\\  V.e  c-a^w^^vS.  \5^  Aj'^-t'a^^^.  "SS^ 
tlie  impulses  are  irregular  or  "have  ivo  cott^^Xvotcv^^^^'^^  ^'>S??^  "^ 
periodicity  of  the  armature  inoveineivX.B,  Vcv^^   ^^^^  ^^^^  "^^  '^'^ 
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motion  perhaps,  but  not  with  the  same  energy  as  if  they  harmon- 
ized with  each  other. 

If  through  a  magnet  facing  the  armature  impulses  were  sent, 
they  would  have  little  effect  on  the  armature  unless  their 
frequency  corresponded  with  that  of  the  magnet.  If  their 
frequency  was  one-half  or  one-quarter  or  other  integral  fraction 
of  that  of  the  armature  they  would  affect  it,  but  would  have 
most  effect  if  of  its  exact  frequency.  Such  series  of  impulses  of 
current  would  start  it  into  vibration.    A  contact  point  must  be 


Fig.  530.--HARMONIC  Bell  Signal. 


provided  with  which  the  armature  will  make  contact  as  it 
vibrates.  By  this  contact  a  bell  circuit  is  to  be  closed;  For 
each  closing  the  bell  will  ring.  As  long  as  the.  armature  vibrates, 
the  bell  will  ring  in  unison. 

The  cut.  Fig.  530,  shows  thergeneral  idea  of  such  a  harmonic 
signal.  The  magnet  C  receives  the  current  broken  into  impulses 
of  definite  number  per  second.  When  this  number  corresponds 
with  the  natural  number  of  vibrations  of  the  armature  B,  carried 
by  the  flat  spring  screwed  on  the  top  of  the  block  &,  the  armature 
will  vibrate,  and  only  then. 
//  It  vibrates,  it  will  close  t\iQ  ^^^VV  QiVic^-uW.  ^\.  XXv^  ^Q>Vax  u^-«\v$i\^ 
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ttere  art  two  contacts,  one  on  B  and  one  on  D,    Wten  ttis  con- 
tact is  closed,  the  bell  rings. 

The  armature  B  will  not  be  thrown  Into  vibration  by  a  broken 
current  whose  impulses  do  not  correspond  with  Its  own  natural 
period  of  vibration.  By  haviUR  armatures  of  dlHerent  rates  of 
vibration  at  different  subscribers'  houses,  any  subscriber  can  be 
called   by  a  broken   current  of  frequency  corresponding  to   that 

In  some  systems  the  vibrations  are  used  to  close  a  bell  circuit 
as  above,  in  some  to  open  a  slumt  in  parallel  with  the  bell,  and 
■which  when  closed  prevents  it  from  ringing  by  taking  the  cur- 
rent.    In  some  the  bell-hammer  and  armature  are  one. 

The  harmonic  system  is  very  little  used  In  American  tele- 
phone practice, 

A  practical  limitation  exists  to  the  number  of  subscribers  that 
can  be  served  by  one  wire,  because  the  amount  of  service  ex- 
acted by  four  to  six  aubscribers  is  about  all  that  one  line  can 
take  care  of.  If  harmonic  calls  were  used,  only  four  to  six 
rales  of  current  impulses  would  be  needed  at  the  central  station. 

Dletrlbutlng  Boards. — A  central  telephone  station  may  have 
six  thousand  or  more  individual  circuits  entering  it.  Every 
one  of  these  has  to  be  taken  to  its  place,  where  a  number  la 
assigned  it  on  the  main  switchboard,  which  in  all  large  ofBces  la 
of  the  multiple  type.  The  mass  of  wires  back  of  the  main 
switch  is  complicated,  and  if  it  had  to  have  its  connections 
changed  and  shifted  about,  endless  confusion  would  result.  To 
avoid  the  necessity  for  changing  the  wires  at  this  point,  a 
special  arrangement  called  a  distributing  board  is  used,  it  pro- 
vides two  faces  or  boards,  separated  a  Utile  from  each  other. 
On  one  face  are  secured  all  the  wires  of  the  circuits  which  enter 
the  building.  These  connections  are  supposed  never  to  be  dis- 
turbed under  ordinary  condltloBb. 

A   multiple  switchboard    has   a   number    of  identical   panels. 
Bach  panel  has  plug  sockets  for  all  the  circuits  that  enter  the     I 
building,  with  perhaps  one  or  two  thousand  others  to  proTlde     I 
for  future  extensions.  J 

Circuits  from  the  multiple  switchboard  equal  In  number  to     i 
the  sockets  on  one  panel  of  the  board  TVta  V&  ftift  oXixftt  *\^*i  "A  "Otia  j 
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ibuting  board.  Ae  the  panels  of  the  miiltliJle  BwitctalKMrd 
are  connected,  No.  1  to  No.  I  and  so  on  all  the  length  of  tlie 
ltd.  It  folIowH  that  every  conueetlon  on  the  distributing  board 

innects  with  every  panel  at  the  multiple  switchboard. 

It  does  more  than  this.  Taking  No.  1  connection  rrom  the 
distributing  board,  this  wire  connects  with  every  No.  1  plug  on 
the  switchboard.  There  may  be  fifty  or  more  panels,  on  "Sidi 
panel  a  single  No.  1  plug  and  all  connected  lo  one  circuit.  This 
circuit  goes  to  No.  1  connection  on  the  distributing  board.  The 
same  Is  done  for  every  socket  on  each  panel;  a  connection  from 
all  of  each  given  number  runs  to  a  corresponding  number  on 
the  distributing  board. 

These  connections  are  normally  never  disturbed. 

The  space  of  some  feet  in  depth  intervening  between  the 
front  and  back  of  the  distributing  board  Is  bridged  across  by 
wires,  one  for  every  active  connection  on  the  switchboard. 
These  wire  connections  are  subject  to  frequent  change.  If  It  is 
necessary  to  change  a  subscriber's  numbei',  the  wire  from  hla 
connection  to  the  distributing  board  is  connected  to  the  oth«r 
face  of  the  board,  to  the  connection  leading  to  the  desired  sets 
of  numbers  on  the  multiple  switchboard. 

The  shape  the  distributing  hoard  takes  is  a  sort  of  open 
rectangular  racl;.  Several  feet  Intervene  between  the  two  faces, 
and  within  this  space  the  connections  are  made.  There  Is  little 
that  is  distinctive  about  them.  Each  one  has  to  have  front  and 
rear  connections  corresponding  in  number,  and  on  Ihe  face  next 
to  the  awitchhoard  they  must  correspond  In  designation  with 
the  sockets  on  each  panel  of  the  multiple  switchboard. 

A  wire  circuit  enters  the  building,  and  is  connected  to  the 
of  the  distributing  board.  It  may  be  decided  to  connect  It 
to  the  set  of  sockets  numbered  75  on  the  multiple  switchboard. 
.Bhgrt_wire..leftds.  wijhli!^  the   distributing   board 
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Fig.  531  givpH  a  cross  section  and  view  of  (tie  side  of  a  dis- 
tributing iDoard.  At  C  a  cable  from  the  street  is  supposed  to 
enter.  Its  end  Is  opened  and  wires  w  are  talten  from  the  cable 
head  H  and  carriei  to  he  near  face  of  the  board.  Wires  from 
the  other  face  run  to  the  plug  PonnectloES  S  S  on  the  switch- 
board C  -Wires  called  bridle  or  J  mper  wires  connect  the  front 
and  rear  connec    ons  of  the  distrih   ting  board  w  th  each  other. 

The  hoard  illustrated  i  the  Hil  bard  board  The  frame  is  open 
worli  built  of  iron  p  pe   form  ng  a  sort  of  trell  s. 


Fro   531      DiBTRrBnTiBO  Boaud 

It  has  been  aptly  said  that  the  object  of  the  distributing  board 
is  to  concentrate  the  changes  of  connections  Into  a  definite  local- 
ity. The  short  wire  connections  are  of  No.  20  to  ?.2  wire  tinned, 
rubber-covered,  and  twisted  in  pairs  to  give  the  elements  for 
continuing  the  metallic  circuit.  Lightning  arresters  are  often 
Included  in  the  connections.  The  best  and  generally  accepted 
practice  is  to  solder  all  the  jumper  wire  connections. 

Repeating;  Colls.— The  repeating  coil  used  in  telephone  practice 
Is  an  Induction  coil.  Its  core  Is  made  of  a  bundle  of  annealed 
Iron  wire.  Its  windings  are  generally  of  the  same  number  ot 
rums  and  of  the  same  sine  oC  wire  tot  \iofti  \iT\\B^ra  as.ii.  ■sasRi'iA.- 
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designated  subscriber,  which  that  particular  operator  must 
answer. 

The  number  of  calling-up  connections  which  one  operator  em 
attend  to  depends  on  the  number  of  subaeribers.  When  than 
are  a  large  number  of  subscribers  connected  to  a  central  stadoi, 
each  one  will  call  for  more  connections  in  a  day  than  if  Umiv 
were  only  a  few.  If  a  subscriber  has  six  thousand  co^nbaerlboi 
at  a  station,  he  will  call  up  more  times  in  a  day  than  if  he  calf 
had  one  thousand  or  five  hundred.  Therefore,  as  the  nuislNr 
of  subscribers  in  the  district  served  by  the  central  statkm  ii 
larger,  the  calling-up  connections  assigned  to  each  operator  unit 
be  fewer  in  number. 

The  number  of  operators  required  on  a  multiple  switchboiri 
does  not  increase  in  simple  ratio.  Doubling  the  number  of  w^ 
scribers  exacts  more  than  double  the  number  of  operators.  A 
rate  of  increase  approximates  to  the  geometric  ratio. 

The  above  simple  description  merely  gives  the  outlines  d 
the  theory  of  the  multiple  switchboard.  As  it  comes  in  prsetlee 
when  there  are  several  thousand  subscribers  to  be  included  io 
every  panel,  and  where  the  panels  have  to  be  consequently  verr 
numerous,  the  complication  becomes  enormous. 

There  are  a  number  of  modifications  designed  to  bring  about 
more  efficient  working. 

Operation  of  Switchboard. — Calling-up  connections  of  the  sub- 
scribers on  a  multiple  switchboard  are  operated  by  the  sub- 
scriber. When  the  handle  of  his  magneto  is  turned,  or  when  the 
receiver  is  removed  from  the  hook-switch  as  the  case  may  be, » 
current  is  sent  over  the  line.  At  the  calling-up  connection  on 
the  switchboard  in  the  central  station  this  current  operates  some 
kind  of  annunciator  to  indicate  the  number  of  his  station  to 
the  operator. 

The  Mechanical  Annunciator  is  a  falling  shutter  or  drop,  seen 
In  HO  many  forms  in  ordinary  house-bell  annunciators,  in  hotel 
annunciators,  and  the  like. 

A  ]iti]e  Hhutt(T  hinged  at  the  base  is  held  up  in  a  verticsl 
'*lon  by  a  catch  or  hooV  ^YvVeYv.  \ic\^^  V»  M^^r  edge.  Th* 
'  operated  by  an  e\w\TO-ma«CLfe\..  ^\i«a.  >Qftfc  tsasbss^  ^ 
V  a  current  pattsVu^  lYvTou%\i^V^^.^^XT%l*a  v».««*s^ 
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to  which  the  hook  is  attached.  This  raises  the  hook,  and  the 
shutter  at  once  drops.  On  its  inner  surface  is  painted  or  other- 
wise marked  the  number  of  the  subscriber's  station  to  which  its 
circuit  is  connected.  The  current  sent  over  the  circuit  by  the 
distant  subscriber  drops  the  shutter  and  discloses  his  number. 
The  operator  replaces  the  shutter  by  hand  as  soon  as  the  magnet 
releases  its  armature,  so  that  the  retaining  hook  drops  to  its 
lowest  position.    The  drop  is  now  ready  for  another  call. 

Such  annunciators  are  used  in  great  number.  An  advance  is 
made  by  having  an  electric  system  of  replacing  the  shutter. 

It  is  considered  that  automatic  setting  of  the  annunciators 
effects  a  saving  of  time  and  energy  for  the  operator,  who  is  often 
worked  to  the  full  extent  of  her  power  during  the  busy  hours 
of  the  day.  Where  mechanical  annunciators  are  used,  the  ten- 
dency is  to  use  self-restoring  drops. 

Lamp  Annunciator. — The  most  advanced  practice  on  switch- 
boards is  to  substitute  incandescent  lamps  for  mechanical  drops. 
Eight-  to  twenty-volt  lamps  are  used,  one  for  each  calling-up  con- 
nection. A  simple  low-voltage  lamp  represents  the  maximum  of 
simplicity  and  takes  the  place  of  the  mechanism  of  the  drop, 
inevitably  more  or  less  complicated.  Lamps  are  cheaper  than 
the  modern  self-restoring  drops.  They  operate  when  current 
passes,  and  cease  when  it  ceases,  thus  presenting  the  self-restor- 
ing feature  of  the  most  improved  drops  without  complication  of 
the  latter.  Lamp  signals  are  rapidly  coming  into  use  on  the 
larger  and  more  important  switchboards.  At  first  very  low 
voltage  lamps  were  used.  These  proved  quite  unreliable;  they 
were  very  sensitive  to  slight  changes  in  voltage,  were  hard  to 
make,  and  burnt  out  very  easily.  Ten-  to  twenty-volt  lamps  are 
now  frequently  used. 

To  produce  the  lighting  current  a  storage  battery  at  the  central 
station  is  used.  This  gives  an  almost  constant  voltage.  By 
having  the  lamps  of  reasonably  high  voltage,  a  drop  or  rise  of  a 
fraction  of  a  volt  has  a  much  less  effect  on  the  duration  of  a 
lamp  than  when  they  are  of  only  two  to  four  volts  potential. 
One-half  of  a  volt  on  a  two-volt  lanvp  \a  \,^«wV^-^"s^  ^«^  ^^^^iX.  ^*^ 

its  voltage.    On  Si  twenty-volt  lamp  \\.  \^  ouVj  V«o  "wjA  1^.^^a^sSu  ^^^ 

cent. 
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In  one  ByHtfim  the  removal  of  the  receiver  from  the  book- 
Hwltrh  throws  the  lamp  into  circuit  with  the  station  storage 
hrttt«!ry.  The  lighting  current  goes  through  the  whole  line,  and 
through  the  transmitter  at  the  subscriber's  station. 

Several  objections  have  been  cited  in  reference  to  this  sys- 
tom.  The  valid  one  is  that  if  a  cross  occurs  between  lines,  a 
v(M-y  low  resistance  circuit  may  be  produced,  through  which 
(Mirnnit  will  n^ach  the  lamp.  The  low  resistance  will  operate 
to  burn  out  the  lamp.  A  very  obvious  way  to  dispose  of  this 
(rouble  Is  to  put  the  lamp  on  a  relay  circuit.  The  calling  car- 
rent  closes  the  relay,  and  the  lamp  is  lighted  from  the  storage 


Fir..  .vC— Spring  Jack. 


bnltory  thronch  :ho  uuohanjiod  rosisianoe  of  the  lo^al  oir''-' 
Appaivndv  moro  i  onip'ioatoil  than  the  straight  circ'.:it  .-y?:«=iC' 
iho  rolay  sysiriv.  a\v"':s  :he  r.tHOss::y  of  adjusting  !he  resistani'^ 
of  Ions:  i\\u\  sV.ov;  v::\v.::<  >o  as  :c  give  each  o:  :hr  -ampa  ^^ 
IMvpor  ounrr.T. 

SprlnjE  Jacks. --Cry. :•.•:■■  :-:■:::?  *o  >■.::>.■  rivers'  '.t-rs  cc  rculiip'' 
s \v  i  t  v' V.  Vo a  r x'.  s  a  r r  tv.  a .'.  •;■  ":  y  :  V.  o  a  c  -:  r.  ■  y  c :  r :  i:  gs  :  h  r"  ? :  in:o  spria? 
•".1 -',  <  Sov'o  bo*i'".'<  ^--i •»-•■■  '■.■.-■K*----  f«=-  and  ""wrj  *■— -^-i^j  uioii" 
sar.»'.  svv.r..c  ;av'AS.  Vic.  *>2  i".'.-.:sTra:o>  The  prlscii^e  cf  ■^jnsir* 
v.or.  of  ov.o  kir.i'..  TV.e  syring  ;ack  is  screwed  to  it*  "tacioft** 
:\\i:v:.  .■*:*.*;  a  :v*be  In  lis  front  projects  throng  it.  Wh«  *• 
r:::*:  i?  withdrawn,  t3^  iaBP^»»  t  T«ft&  «m.  >3bifc  ocmimri  sfl«** 
j«n,1   ji  closed  aw-  "^  ^*  — ^*^''  '^^^^^ 
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contact  screw,  opening  the  circuit  and  connecting  its  own  lead 
thereto. 

The  front  of  a  telephone  switchboard  appears  full  of  holes, 
regularly  spaced,  and  along  the  middle  level  appears  a  straight 
row  of  such  holes  extending  its  whole  length.  T*hese  are  the 
spring  jacks.    On  a  five-panel  board  each  subscriber  will  have 


IJn«  Jacks 


Line  Drops 


Subscribers  Lines 


Clearing-out  Drop 


Fig.  533.— Switchboabd  Connbotions. 


six  spring  jacks;  five  are  on  the  face  of  the  board  and  one  is  in 
the  horizontal  row. 

Various  constructions  of  spring  jacks  are  in  use.  They  may 
act  to  give  a  simple  metallic  contact,  or  if  the  plug  is  in  two 
divisions  Insulated  from  one  another,  a  double  connection  may 
be  made  by  plugging  the  hole.  A  fiexible  wire  ("fiexible  cord") 
is  connected  to  the  plug. 
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Switchboard  Connections*— The  diagram,  Fig.  533,  illustrates 
the  work  of  a  switchboard.  Two  subscribers*  lines  are  shown 
entering  ftn  exchange>  each  including  in  its  circuit  an  annuncf 
titor  dropi  When  the  subscriber  by  magneto  or  otherwise  sends 
&  current  over  his  line,  his  special  annunciator  drop  falls  and 
discloses  his  number.  Spring  jacks  such  as  have  just  been  illus- 
trated are  indicated,  one  for  each  line.  It  will  be  seen  how  in 
their  closed  position^  which  is  when  the  plugs  are  not  inserted,  the 
Spring:  Jacks  act  to  complete  the  circuit  through  the  annunciators 
to  the  earth  at  G. 

In  the  lower  part  of  the  diagram  are  shown  the  switchboard 
connections*  R  and  T  are  the  receiver  and  transmitter  used 
by  the  operator;  B  is  the  local  battery,  which  with  the  trans- 
mitter T  is  in  circuit  with  the  primary  p  of  an  induction  coil. 
P  P'  are  plugs  to  go  into  the  spring  jacks  at  the  top  of  the  cut 

Assume  that  a  subscriber  desiring  to  use  the  telephone  has 
by  means  of  his  magneto  sent  a  current  through  his  line.  It 
drops  the  shutter  of  an  annunciator,  disclosing  his  number. 
The  operator  inserts  the  plug  P'  into  the  subscriber's  spring 
jack.  Each  spring  jack,  it  will  be  understood,  has  its  number, 
that  of  the  subscriber  to  whom  it  belongs.  When  the  plug  is 
inserted  in  the  socket  with  the  same  number  as  that  shown 
when  the  shutter  drops,  the  subscriber  is  cut  off  from  the  ground 
at  G,  and  is  connected  in  circuit  with  the  operator's  receiver 
R  and  secondary  S  of  his  induction  coil  to  the  ground  at  G'. 
Immediately  on  inserting  the  plug,  the  key  K",  which  has  been 
hitherto  open,  is  closed,  completing  the  circuit  described.  The 
operator  by  the  transmitter  T  asks  the  number  desired,  and 
the  subscriber  tells  it.  The  operator  receives  it  by  the  receiver 
R.  The  plug  P  is  inserted  into  the  spring  jack  of  the  subscriber 
who  is  to  be  called  up,  and  the  key  K  is  depressed.  By  work- 
ing the  magneto  M  the  bell  of  the  second  subscriber,  the  one 
who  is  to  be  called  up,  is  rung.  When  the  second  subscriber 
has  answered,  his  answer  being  received  by  the  operator's  re- 
ceiver R,  the  keys  K  and  K"  are  opened,  and  the  subscribers  are 
in  circuit  with  each  other,  and  can  speak  together.  The  oper- 
ator can  listen  by  closing  or  depressing  the  switch  K". 

When   the  subscribers   are  \\vtou^\v  Wi^^  XioNXi.  ^j^^-^V^  ring 
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Off,  although  it  would  be  just  as  good  if  only  one  did  so.  This 
sends  a  current  through  the  coil  of  the  magnet  of  the  annunci- 
-xtor,  called  the  clearing-out  drop.  Its  shutter  drops,  showing 
that  the  conversation  is  finished.  The  plugs  are  pulled  out  of 
the  spring  jacks,  and  the  lines  are  again  ready  for  work. 

The  proportion  of  plugs  for  a 
given  number  of  subscribers  is 
a  matter  for  consideration. 
One  pair  of  plugs  for  every  ten 
subscribers  is  a  proportion 
which  in  many  cases  is  found 
advantageous. 

Lamp  Signal  System.— A 
simple  presentation  of  the  lamp 
signal  annunciator  system  is 
given  in  Fig.  534.  The  sub- 
scriber's apparatus  is  shown  in 
the  upper  part  of  the  cut  at 
B,  and  the  central  office  con- 
nections in  the  lower  part  of 
the  cut  at  C.  At  C,  g  and  h  in- 
dicate choke  coils,  J  the  annun- 
ciator lamp,  and  i  a  battery;  flr, 
7i,  and  I  are  all  in  one  metallic 
circuit.  There  is  one  such  cir- 
cuit with  numbered  lamp  for 
each  subscriber. 

When  the  receiver  is  on  the 
hook-switch,  the  circuit  including 
the  annunciator  lamp  I  is  closed 
through     the     high     resistance 

of  about  1000  ohms  of  the  calling  bell  e.  This  cuts  down  the 
current  so  that  the  lamp  I  shows  no  light.  When  the  receiver 
is  taken  off  the  hook-switch,  this  springs  up  and  closes  a  circuit 
as  it  does  so  by  coming  in  contact  with  two  terminals  above  it, 
as  shown  at  C.  This  short-circuits  the  bell  coils.  In  the  short 
circuit  is  included  the  secondary  of  the  subscribers'  induction 
coil.    But  this  short  circuit  may  aggregate  less  than  50  ohms 


I 


Fio.  634.— Lamp  Signal  Switch- 
board Connection. 
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TesfstBDce,  and  the  lamp  is  lighted.    This  calls  the  central  itt-  - 
tlon  operator,  who  eflects  the  desired  connection,  when  told  It  bj 
the  calling  subscriber. 

The  local  battery  at  the  subscriber's  house  Is  a  storage  balterj. 
When  the  hook-switch  is  released,  this  battery  operates  the  frwiB- 
mitter.  When  the  receiver  is  hung  on  the  hook-switch,  lli» 
secondary  battery  Is  in  closed  circuit  with  the  colls  of  the  calllnB 
bell  magnet,  and  receives  a  slight  charging  current  of  aboot 
1/50  ampere.    This  keeps  it  In  good  condition  for  use. 

This  description  Is  of  the  simplest  kind  of  lamp  slgnailiis 
system.  There  are  many  modifleationa.  Involving  more  compli- 
cated connections. 

It  the  local  battery  becomes  too  weak,  the  subscriber'a  trgitf- 
mitter  will  work  with  current  from  the  central  station  battefft 
and  the  local  battery  will  act  as  a  sort  of  equalizer. 

In  general  practice,  the  calling  lamp  Is  on  a  relay  circuit,  ini 
the  relay  closes  its  circuit  when  the  receiver  Is  taken  off  lU 
switch,  by  short-circuiting  somewhat  as  described  above. 

Conduction  Interference.— Electric  conductors  such  as  line 
wires  are  sometimes  subject  to  much  troiible  from  Induction  ami 
other  electric  disturbances.  This  is  especially  true  of  telepbone 
lines.  The  telephone  receiver  is  a  wonderfully  sensitive  de- 
tector of  any  current  change.  It  tells  nothing  If  a  constant  cut- 
rent  is  passing  through  it,  but  reveals  sudden  changes  In  IntenBitT 
of  the  cuirent  passing  through  It  by  producing  a  sound.  Grounde* 
circuits  are  peculiarly  subject  to  disturbance.  A  grounded  iel«- 
phone  circuit  may  be  rendered  quite  useless  by  the  presence  i» 
Its  vicinity  of  an  electric  trolley.  The  latter  use  the  rails  « 
their  return  clrciiit,  and  some  of  the  current  leaks  into  Uw 
ground  and  Inio  grounded  circuits  in  the  vicinity.  A  groundel 
telephone  line  will  sometimes  sound  In  accord  with  the  motlo*' 
of  the  car  motors.  A  part  of  the  return  current  will  go  thnrtl* 
the  line,  following  the  law  of  divided  clrcuitB. 

Induction    Interference. — The  abore  Is  a  disturbance  Iv  "^ 

durticn.     Som^fimes  inductioBJ|^HBnHBS  Irregular  cm' 

affect  a  line.    InSH^^^^^^Hfet  on  InductioO' 

so  whether  the  ^^^MJ^^^^^SS"'^^'^!^ 

ancB  i 
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telegraph  line  will  act  on  a  telephone  line,  so  that  its  signals 
will  be  heard  in  the  receivers. 

Sucli  induction  la  naually  treated  as  electro-magnetic.  Experi- 
ments go  to  show  that  it  is  electrostatic.  I£  a  telephone  receiver 
ia  placed  In  the  center  of  a  line,  and  one  at  each  end,  the  end 
receivers  will  give  a  sound  when  a  disturbing  circuit  acta  on 
the  line,  while  the  central  instrument  will  he  mute.  Even  if  the 
line  la  cut  In  the  center,  the  two  halves  will  give  current  changes 
which  will  make  the  end  telephones  sound. 

The  U80  of  metallic  circuits  does   away  with  much  of  this 
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trouble.  If  the  disturbing  line  lay  parallel  with  and  between 
the  two  leads  of  the  metallic  circuit  and  equidistant  from  both, 
jt  would  affect  both  leads  equally  and  In  the  same  direction,  so 
that  the  two  effects  would  neutralise  each  other.  Bnt  in  practice 
the  disturbing  line  never  occupies  just  such  a,  position.  One  or 
the  other  lead  is  nearer  to  the  source  of  disturbance  than  the 
other,  and  a  disturbance  results,  which  may  be  very  annoying, 
particularly  in  telephone  service. 

In  Fig.  535  the  heavy  line  indicates  a.  Circuit  of  varying  cur.    , 
rent.     The  telephone  circuit   is   seen   parallel   with   it,   with  one. 
side   nearer  to   it  than   the  other.     The  nearer  side  ot  the  tele- 
phone circuit  will  have  the  stronger  potential  impressed  on  It, 
and  the  result  is  indicated  by  the  relative  length  of  the  arrows. 
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The  induced  current  will  be  due  to  the  difference  of  the  electro- 
motive force  on  the  two  leads  of  the  telephone  circuit. 

In  Fig.  536  the  effects  of  an  inducing  wire  equally  distant 
from  both  the  telephone  leads  is  shown.  Equal  electromotive 
force  is  impressed  on  both  leads  and  in  the  same  direction. 
Therefore  no  current  is  produced,  and  the  telephones  are  un- 
affected. 

In  Fig.  537  transposition  is  illustrated.  The  wires  are  un- 
equally affected  because  of  their  different  distances  from  the 
source  of  disturbance.  If  the  result  is  followed  out  on  the  dia- 
gram, it  will  be  seen  that  the  net  result  is  the  impressment  of 
equal  electromotive  forces  on  both  leads  of  the  wire  and  in  the 
same  direction,  so  that  they  neutralize  each  other. 

In  induction  the  polarity  of  the  electromotive  force  induced 
constantly  changes.  The  arrows  in  these  diagrams  illustrate  the 
condition  at  one  instant  of  the  induction. 

When  a  number  of  lines  are  carried  on  one  set  of  poles,  the 
transpositions  of  the  lines  must  not  be  the  same  for  all.  If  the 
identical  transposition  were  given  to  all,  there  would  be  mutual 
induction.  This  induction  is  avoided  by  transposing  the  leads 
of  the  different  circuits  at  intervals  or  at  points  varying  for 
each  pair  of  leads.  Thus,  two  pairs  of  lines  may  be  transposed 
at  intervals  of  one  mile  for  each  case.  To  overcome  mutual  in- 
duction the  places  of  transposition  may  vary,  so  that  there  would 
always  be  one-half  mile  between  them.  Other  pairs  could  he 
transposed  every  half  mile,  and  could  also  be  varied  in  their 
places  of  transposition. 

Transposition  on  pole  lines  is  effected  by  transposition  insu- 
lators. These  have  two  grooves.  The  wire  is  cut,  and  each 
end  is  turned  about  the  insulator  in  its  own  groove.  The  same 
is  done  for  the  other  wire  of  the  circuit,  and  by  short  wires 
the  rear  end  of  one  lead  is  connected  to  the  forward  end  of  the 
other,  and  the  remaining  ends  are  cross-connected  in  like  man- 
ner. 

Twisting  the  leads  of  a  circuit  is  much  used.  This  secures 
comparative  immunity  from  induction.  In  cables  containing  a 
number  ot  pairs  of  wires  lw\sl\iis  \^  exX.^\!ksWelY  applied,  and 
lias  Jbeen  found  td  prevent  inducUon. 


TELEPHONY. 


Induction  troubles  are  felt  most  on  telephone  circuits.    Ordi- 
nary telegraph,  power,  or  lighting  circuits  are  relatively 
pletely    free    from    them.       The   cable   construction    companies 
endeavor  to  supply  non-Inductive  cables,  and  have  much 
in  their  construction. 
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Subscrlber'5  Pole  ConnectioDs — The  method  of  Uiiing  a  sub 
BCriber's  connection  from  a  pole  line  Is  shown  in  Fig  537a  A 
double-grooved  insulator  such  as  relerred  to  in  the  preceding 
paragraph,  receives  the  ends  of  the  line  wire  which  is  cut  at 
this  point.  From  the  ends  a  branch  circuit  Is  taken  as  shown 
In  the  cut,  two  single-grooved  Insulators  being  provided  which 
lake  the  strain  off  the  main  line  insulator 

Improvements. — No  branch  of  electrical  engineering  is  more 
subject  to  development  and  improvement  than  telephony  The 
utmo^lt  that  can  be  done  In  these  few  pages  Is  to  give  the  outlines 
of  what  li  a  lery  complicated  subject  much  of  whose  theory  is 
largeij  unformulated  Automatic  exchange  systems  dispensing 
In  part  or  in  whole  with  the  central  "itation  operators  are  coming 
to  (he  front  and  if  tlie\  ever  reach  full  development  may  exer 
cise  profound  influence  on  the  future  of  the  business  In  Introduc 
ing  a  different  ratio  of  expenses  to  number  of  •subairibers 
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ling. — ^To  run  a  wire  behind  lath  and  plastering,  a  space 
en  studding  must  be  found  by  sounding  with  a  hammer. 

is  a  slight  difference,  which  to  the  practised  ear  discloses 
9llow  chamber  or  space.  To  lead  a  wire  through  it,  a  hole 
red  through  lath  and  plaster.  A  piece  of  very  flexible 
;  is  used  for  the  "fishing."  Well-waxed  sail  twine  is  ex- 
t.    Sometimes  fishing  line   is  used.    Waxing  is  advisable 

also.    To  its  end  a  weight  is  attached,  for  which  purpose 

inches  of  No.  19  double  jack  chain  is  recommended.  The 
ie  chain  can  be  pushed  through   the  hole,  and   doubling 

will  go  through  a  small  space.  Often  studs  on  a  brick 
are  only  an  inch  thick,  so  that  the  chain  is  excellent  for 
places.  A  half  dozen  spherical  lead  bullets,  bored  and 
?  like  beads,  are  better  than  the  chain.    With  the  weight 

end  the  cord  is  fed  through  the  hole  and  goes  down  until 
ches  the  desired  point,  provided  all  is  clear.  With  a  plumb 
►r  by  the  sound  of  the  weight  on  the  end  of  the  cord  the 
3  located,  and  a  hole  is  bored  through  the  wall  or  surbase 
erever  it  may  be  to  meet  it.  A  piece  of  wire  with  a  short 
is  inserted,  and  the  cord  is  hooked  by  it  and  drawn  out; 
3ll  wire  is  attached  to  it,  and  is  drawn  back  by  the  cord, 
principle  takes  care  of  all  vertical  and  often  of  inclined, 
)f  wire.  The  wire  can  be  drawn  downward  from  the  other 
y  the  same  cord. 

rk  Under  Floors. — In  running  wire  under  the  floor,  a  steel 
J  or  flat  wire  %  by  1/64  inch,  with  a  hook  at  its  end  called 
ke  or  fishing  wire,  is  used.  This  can  be  pushed  quite  a 
iistance  horizontally,  and  the  string  or  the  jack  chain  at 
d,  which  has  been  dropped  through  a  hole  in  the  floor  at 

distant  point,  can  be  caught  by  a  hook  at  its  end  and 
L  back.  If  the  beams  run  in  the  right  direction  or  with  the 
it  facilitates  floor  work  greatly.  If  they  run  in  the  other 
ion,  which  is  across  the  line  to  be  followed,  the  wire  must 
:en  through  the  beams  one  by  one.  A  beam  is  located,  and 
3  is  bored  from  the  floor  diagonally  down  from   a  point 

its  center.    Floor  beams  are  about  a  foot  apart.     If  the 

is  dropped  through  a  corresponding  hole  at  the  next  beam, 
eadily  Sshed  up  to  the  surtace  ot  l\i^  Xi^^TCk.  Vcl  ^3^'^^C\a\s..    ^ 
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made  is  big  eDoush  to  hold  a  wire.  Sometimes  wires  can  be 
laid  in  such  grooves  secured  in  place  Willi  tacks,  but  under  ex- 
isting conditions  of  house  construction  and  furnishing  this  Is  not 
HO  often  allowable  aa  former!?,  when  floors  were  of  soft  wood  and 
were  fully  carpeted. 

Leading  the  Wires. — Exposed  wires  are  used  in  some  places, 
and  are  selected  Of  color  to  match  the  paint  or  woodwork  on  which 
they  lie.  These  can  be  stapled.  The  greatest  care  must  be 
taken  to  keep  them  away  from  electric  light  wires.  The  distance 
between  two  parallel  lines  of  bell  wires  should  be  half  an  Inch, 
two  wires  never  being  put  under  one  staple.  Occasionally  it  may 
be  necessary  to  adopt  gutta-percha-covered  wire  for  damp  places, 
hut  this  Is  not  often  the  ffase.  To  splice  wires,  atrip  four  inches 
of  each  and  make  the  regular  telegraph  lineman's  splice,  as 
shown  on  page  508.  If  a  very  good  lob  Is  to  be  executed,  solder 
each  joint,  using  no  acid,  but  only  rosin  or  some  non-corro- 
sive flux.  The  joints  may  be  taped,  but  this  is  not  usually  neces- 
sary. It  the  joints  are  not  well  soldered,  so  that  the  solder 
falls  to  cover  the  copper,  paper  should  be  wrapped  around  them 
before  taping. 

Qroundlng  Wires. —Some  inches  of  the  end  are  stripped  of  in- 
sulation and  brightened  by  scraping  or  otherwise.  They  are 
wound  around  a  gas  or  water  pipe,  the  part  being  scraped  or 
sand-papered.  The  place  should  be  soldered.  It  is  good  practice 
to  solder  all  Rrounded  ends  of  the  same  system  to  gas  pipes  alone 
or  to  water  pipes  alone,  and  not  to  solder  some  to  water  pipes 
and  others  to  gas  pipes.  In  case  of  disconnection  of  a  pipe  sys- 
tem, the  grounds  will  stil!  he  good.  Thus  bells  could  be  rung 
during  repairs  to  plumbing  or  gas  pipes.  The  removal  of  the 
gas  or  wafer  meter  removes  the  water  or  gas  system  from  the 
ground  in  great  measure. 

Soldering.— For  soldering  Joints  between  wires  a  ratber  hard 
solder,  one  containing  more  than  half  its  weight  of  tin,  should 
be  used.  The  soldering  Iron  may  he  filed  to  the  shape  of  a  wedge 
with  a  groove  filed  across  It.  about  M,  inch  deep.  The  groove  In 
the  hot  and  well-finned  soldering  iron  is  filled  with  solder.  The 
twisted  joining  of  the  wires  is  dusted  over  with  powdered  roanL 
or  other  non-corrosfve  flux,  and  the  gtwiire  twW  a\  «!.*.'>-'*.%-  w^ii.'fs 
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to  applied  to  its  under  side.  Tlie  iron  Is  rocked  back  and  forUi 
and  ultimately  turned  completely  around  the  wire,  or  else  Um 
wire  itself  is  turned  around  while  in  fhe  groove.  Soldering 
Joints  is  not  universal,  but  it  adds  to  the  quality  of  an  installar 
tion. 

In  all  cases  before  Joining  wires  use  emery  paper  or  Bome 
equivalent  on  the  ends,  so  as  to  brighten  them  and  remove  cop- 
per oxide  and  dirt  and  secure  good  electrical  oonnection.  Solder 
will  not  take  hold  of  a  dirty  surface. 

Wires. — ^Annunciator  wire  is  double  cptton-oovered  wire,  with 
the  cover  saturated  with  melted  paraffin.  Office  wire  Is  a  grade 
better  in  the  quality  of  its  cover.  Sometimes  wires  are  carrM 
through  tubes.  As  this  brings  them  close  together,  wire  of  ttMR" 
oughly  good  quality  of  insulation  should  be  used  in  this  quM. 

Distinguishing  Coiora  may  be  used  for  dilterent  wires.  tVi 
is  a  regular  practice  in  other  branches  of  work,  and  in  bell  woA 
wires  covered  with  different  colored  insulations  can  be  nsed  te 
distinguish  the  runs  of  wire.  Otherwise,  more  or  less  frequent 
tagging  of  the  wires  can  be  adopted  to  make  them  readily  traced 
through  the  house.  As  the  tendency  Is  now  to  use  exposed  plnml)' 
ing,  bell  wiring  should  be  done  as  much  on  the  exposed  order  of 
work  as  possible. 


CHAPTER    XL. 

ELECTRIC   HEATING. 

Electric  Cooking  and  Domestic  Heating  is  pnggible  because 
the  nurrent  need  only  be  turned  on  a  few  minutes  before  It  ia 
needed,  and  can  be  at  once  turned  off.  If  it  were  kept  on  by 
the  day,  the  expense  would  be  prohibitive.  Various  uteiisila  re- 
quire a  certain  period  of  heating  before  cooking  can  be  begun 
with  them.  For  an  electric  stove  or  griddle  a  period  of  5  to  8 
minutes  is  given;  for  a  broiler.  12  to  14  minutes;  for  an  oven,  20 
minutes.  The  cooking  operations  proper  are  about  the  same  as 
for  coal  fires.  For  boiling  water,  15  to  20  minutes,  and  for  heat- 
iuK  flatirons.  B  to  12  minutes  are  required. 

The  cost  of  electric  cooking  in  one  experiment  was  found  to 
be  about  five  times  that  of  coal  cooking.  All  such  flgurea  are 
approximations  only,  as  circumstances  vary  so  greatly. 

Power  Required  for  Cooking.— A  small  broiler,  6  by  S  inches 
in  area,  will  require  from  340  to  400  watts,  a  IVj-pint  kettle  a 
little  less;  a  16-quart  kettle,  1140  watts.  A  full  electric  range 
of  6  square  feet  area  consumed  16B0  watts  per  square  foot  of 
surface. 

Efficiency  of  between  SO  and  90  per  cent  can  be  attained  ia 
boiliii!;  water. 

Electric  Furnaces  may  be  divided  into  two  classes.  In  one 
the  voltaic  arc  is  the  heating  agency;  in  the  other  class  incan- 
descence is  the  principal  source  of  heat.  With  many  materials 
both  are  and  incandescence  may  operate  simultaneously.  The 
illustration,  Fig.  539,  gives  a  cross  section  of  a  simple  electric 
furnace.  The  square  box  or  case  may  be  of  iron.  It  is  lined 
with  some  insulating  refractory  substance,  such  as  lime  or  mag- 
nesla.  Carbon  rods  pass  through  \io\ea  \ii  \!aft  \hit.,  %."(i*i.  t^t'-;^- 
Bula.ted  tberetrom  as  shown.  To  Dpeta.\,e  aiiiib.  a.  tiToaKR.  ■"- *-'^'^**^ 
•K8 
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length  of  the  arc  iftorm  gear  is  provided  for  fhla  purpoae  One 
electrode  la  a  carbon  tube  the  other  ib  of  metal  and  hollow  and 
water  clrculatcf.  through  it  introduced  bj  a.  pipe  placed  on  Ita 
axis  and  reaching  nearly  to  its  end 

III  the  furnace  shown  in  Fig  E42  a  brick  structure  filled  \«ith 
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non-conducting  material,  Buch  as  sand,  B,  holds  a  retort  A.  At 
the  left  end  is  a  carbon  electrode  C.  and  at  the  other  end  1b  a 
carbon  crucible  which  acts  as  the  other  electrode.  The  crucible 
D  is  perforated  at  d  to  permit  the  escape  of  any  gas  generated  In 
the  reactions. 

The  tiimace  oC  Fig.  B13  has  a  hopper,  througli  whtclv  TOa.<LKi\sSi 
to  be  acted  upon  Is  Introduced.    From  ttve  'bDXXjii^fi  ot  \>v«i'^iE>^^«t  ». 
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tubular  electrode  extende  downward,  and  a  eecond  one  riaea  from 
the  bottom,  so  as  nearly  to  meet  the  other.  Material  can  also 
be  Introduced  from  outelde  the  upper  tubular  electrode.  Qases 
which  escape  are  condenaed  or  cooled  in  a  condenser,  indicated 
to  the  right  Tir  the  furnace.  As  the  charge  melts  it  runs  down 
the  central  opening  of  the  lower  electrode  and  Is  witbdrawn. 
In  Fig.  544  Is  given  a  section  and  plan  of  a  more  complicated 
lumace.  In  this  structure  the  upper  electrode  can  be  moved  not 
'  only  up  and  down,  but  its  end  can  be  swung  about  over  the  area 


r 
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of  the  crucible  below  It,  so  that  all  parts  of  tbe  charge  can  he  sulv 
Jected  to  its  action.  The  crucible  Is  below  the  end  of  the  carbon 
electrode,  and  forms  itself  the  lower  electrode.  It  is  carried  ou 
trunnions,  so  that  It  can  be  turned  down  for  pouring  out  Ita 
contents. 

Another  simple  form  of  furnace  Is  shown  In  Fig.  B45.  The 
crucible  with  Its  lining  forms  one  electrode,  and  a  carbon  rod  de- 
Bcenda  Into  Its  center  from  above,  constituting  the  other  electrode. 
HaterlaJ  enough  may  be  added  to  cover  the  charge  acted  on  and 
to  supply  new  material  aa  the  ina.teTVB,\s  melt  down. 
Tbe  electric  furnace  is  a  very  a\m-5\e  Wm%.  Tna  \wAai  ■»faw- 
lutely  necessary  for  It  Is  plenty  ot  eVecWc  ^^m.  TV-*  VKraa)* 
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uaed  in  the  tnanufactvire  of  earborundtini  has 
little  more  than  a  pile  ot 
coke  covering  the  charge  and 
held  in  place  by  a  loose 
brick  wall.  Carbon  elec- 
trodes entered  the  ends,  and 
the  current  acting  by  Incan- 
descence heated  the  charge  to 
white  heat. 

The  Electric  Arc  Blow 
pipe.— The  voltaic  arc  fa  re- 
pelled when  a  magnet  pole 
iB  brought  near  it.  This  prin- 
ciple has  been  ay.ilied  to 
producing  an  electric  blow- 
pipe, in  which  the  arc  driven 
to  one  side,  as  shown  In  Fig. 
B46,  is  used  like  a  blowpipe 
Same  for  local  heating. 
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tects   the   eyea   of  the    operative. 


by  making  the  object  to  be 
heated  one  ot  the  electrodes 
of  the  arc.  Thus,  a  holler 
is  shown  In  the  cut  Fig 
547,  as  under  treatment  by 
the  arcj  One  conductor  la 
connected  to  it,  the  other 
Is  connected  to  a  carbon  rod 
carried  in  a  holder  and  held 
over  the  point  to  be  heated. 
An  arc  is  caused  to  form, 
and  is  brought  where  de- 
sired by  moving  the  carbon  ■ 
pencil  over  the  spot.  A 
colored  glaea  screen  pro- 
The   carbon    holdei;    b.as.  -b. 


handle  with  a&ield  to  protect  the  b&aA,  M»"[ae\.\i\\i?,  VOi^sl  -i^*!  "s 
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of  a  fenclne  foil.  A  geoeral  diagram  of  the  coonectioiiB  is  giTen 
In  Flc  ;>4S.  There  it>  a  siorage  banery.  wUb  a  connecilon  box  l\ 
li.v  whk-li  xht  Dumber  of  lis  cells  eupplyine  curreoi  to  ttae  ai«  can 


Fi,«.  -w 


—  ElXl-TIUi'  >^lLItKIU>K:  IBOSR. 


!«>  Ini-Tytt^is!  or  ^imiuifbed.    W  U  %  refisiasoe  frame,  and  iLe  mr- 
i«i«  liol.lt'T  :*  ai  K      V  :*■  a  vo'-Titi^er.  *nJ  A  is  ar  ■nuneier.     Bs- 

Ihe  Hk^-irk  SoMeriof;  Ikmi,  ".?.¥   '■..-  s:;'  ::.    iM*  '.ess  -tiz. 
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low-lenslon  coll.  Wtres  are  seen  leading  to  the  high-tension 
coll.  These  are  conneoted  to  the  Bource  of  supply.  Two  heavy 
coils  of  iron  wire  surround  both  coils  and  act  as  core.  The  pieces 
to  be  welded  are  held  In  the  clamps  as  shown,  and  are  rapidly 


Fio.  5SS.— Blbctbio  Ihcubatob. 

heated  by  the  Induced  current.  By  the  screw  they  are  forced  to- 
gether so  as  to  weld.  Almost  any  conducting  metal  can  be  welded 
by  this  procesB.  Very  remarkable  results  have  been  attained 
with  various  metals  and  shapes. 


10  GIOIO  ©  Q  o  O  OK 
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h'TG.  sai. -Electric  RAUiiTOR. 

The  Electric  Incubator,  pig.  552,  Is  a  curlosltj'  In  electric  heat- 
ing. A  basket  holds  eggs  and  has  a  cover  which  rontaina  a  coll 
of  wire,  through  which  a  current  of  electricity  passes.  By  a  ther- 
mometer the  temperature  la  watched,  and  regulated  by  a  resist- 
ance coll.  The  young  chickens  are  'fee^t  ta.  a.  MW-ft  ■w^A'^  tMOTS»te»i 
a  beater  to  represent  the  moftver  \ien.  Boftv  me.  "Smsw-^^- *«^ '^»*' 
cut,  each  with  a  thermometer  ou  tst^.  i 
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Blertric  Radtator.—Many  forms  are  made,  oonsistliig  of  long 
wire  conductors  which  may  be  covered  with  asbestos  insulation. 
The  cut.  Fig.  553,  gives  a  simple  form  in  which  the  conductor  is 
carried  up  and  down  over  studs  on  a  frame.  Iron  and  steel  wire 
are  good  materials  for  the  conductor.  Their  principal  use  is  for 
heating  electric  cars. 

Economy  of  Electric  Heating.— When  electric  power  is  pro- 
duced by  a  steam  plant,  the  loss  of  energy  is  very  great  By  a 
law  underlying  the  operation  of  heat  «igines,  of  which  the  steam 
engine  is  the  most  conspicuous  example,  by  far  the  greater  part 
of  the  potential  energy  of  the  fuel  is  wasted.  From  90  per  cent 
upward  of  the  heat  of  the  coal  burned  is  lost  The  law  is  termed 
the  second  law  of  thermodynamics.  Under  these  drcnmstapces 
the  efficiency  of  electric  heating  is  necessarily  low.  On  the  other 
hand,  when  water  power  is  used  for  its  production,  it  may  be 
very  efficient 

Its  economy  when  produced  by  a  steam-driven  plant  la  low  on 
its  face,  but  is  relatively  high  when  intermittent  heating  is  in 
question.  The  current  can  be  cut  oft  so  readily  that  long  periods 
of  useless  expenditure  of  fuel.  Inevitable  in  many  cases  of  heat- 
ing with  coal,  are  avoided.  .The  economy  thus  brou^t  about 
compensates  for  the  low  efficiency  explained  above. 

The  electric  heating  of  trolley  cars  is  possible  because  the 
power  is  rather  advantageously  produced  and  the  repairs  of 
stoves  are  avoided. 


■   CHAPTER    XLI. 

WIRELESS  TELEGRAPHY. 

Wttve  Transmission  of  Signals.— The  ocean  is  thrown 
waves  by  the  motion  of  the  air  or  winds.  The  particles  of  water 
in  making  the  waves  constantly  move  in  vertical  circles,  round 
and  round.  The  diameter  of  the  circles  is  several  times  the 
height  of  a  wave.  The  particles  of  water  do  not  move  forward 
or  bacliward  except  through  a  limited  range,  and  a  wave  on  the 
deep  sea  does  not  transfer  or  carry  water  along  with  It,  There 
is  no  displacement.  A  man  at  one  side  of  a  pond  of  still  water 
could  send  a  message  to  another  by  waves,  if  there  was  any 
good  way  of  detecting  them.  The  constant  reflection  and  repe- 
tition of  the  waves  would  occasion  trouble.  But  on  a  large  stretch 
of  water  a  sharp  impulse  given  might  send  waves  of  water,  wlilch 
could  be  detected  at  a  considerable  distance.  Such  waves  could 
be  used  to  transmit  messages.  The  air  is  thrown  into  waves  of 
another  type  by  the  vibrations  of  bodies,  and  transmits  sound. 
As  air  is  much  lighter  than  water,  air  waves  travel  at  much 
higher  speed  than  do  water  waves.  About  a  thousand  feet  a 
minute  Is  tbe  rate  of  sound  transmission  by  air  waves.  The 
luminiferouB  ether  Is  thrown  into  waves  hy  various  kinds  of  dis- 
turbances, electrical  among  others.  Ether  waves  are  transmitted 
with  a  velocity  which  would  take  them  around  the  earth  nearly 
eight  times  in  a  second.  Air  waves  are  the  medium  for  propa- 
.sjating  sound,  such  as  the  human  voice.  By  wireless  telegraphy 
ether  waves  are  produced  at  one  place  and  detected  at  another, 
and  are  made  to  transmit  Intelligence  by  the  Morse  code  or  some 
equivalent.  The  waves  used  are  called  Hertz  waves,  from  the  cele- 
brated Prof.  H.  Hertz,  an  early  demonstrator  in  this  field.  Their 
existence  was  predicated  on  Clerk  Maxwell's  celebrated  electro- 
masnetlc  theory  of  liglit. 
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If  a  discharge  is  produced  between  the  terminals  of  an  induc- 
tion coil,  a  spark  as  it  has  long  been  called  is  produced.  In  reality 
this  is  an  enormous  multitude  of  discharges  or  sparks  beating  back 
and  forth  with  decreasing  intensity,  but  uniform  frequency.  The 
time  occupied  by  the  multiple  discharge  is  very  short,  but  the  dur- 
ation of  a  single  element  of  it  is  in  the  second  order  of  duration, 
and  is  almost  infinitesimal.  The  discharge  beating  back  and 
forth  is  called  an  oscillatory  discharge.  The  time  in  fractions  of 
a  second  of  a  discharge  is  calculated  by  the  formula.  T  =  2it 
\fKJj\  K  being  capacity  and  L  Inductance  of  the  circuit  The 
oscillation  in  Hertz  oscillators,  as  the  special  circuits  for  these 
experiments  are  called,  varies  from  10,000,000  to  300,000,000  per 
second.  If  it  were  possible  to  Increase  them  to  a  sufficient  fre- 
quency, light  would  be  the  result.  The  trifling  light  given  by  the 
spark  is  due  to  the  heat  of  the  discharge,  not  to  its  oscillations. 

Hertz  Receiver. — The  oscillator  transmits  waves.  As  a  receiver 
Hertz  used  a  broken  circle  of  copper  wire.  The  diameter  of  the 
circle  was  about  16  inches.  It  terminated  in  little  metal  balls  or 
knobs,  whose  distance  apart  was  adjustable.  When  the  oscillator 
was  discharged,  a  minute  spark  passed  across  from  ball  to  ball  of 
the  detector  or  receiver,  when  everything  was  in  adjustment 
The  receiver  only  operated  at  a  short  distance.  At  more  than 
the  length  of  a  room  the  effect  was  too  attenuated  to  produce  a 
spark  in  the  detector. 

Branly'8  Coherer. — This  investigator  found  that  loose  metal 
filings  were  astonishingly  sensitive  to  ether  waves  of  slow  fre- 
quency, such  as  produced  by  oscillatory  electric  discharges.  A 
tube  containing  loose  metal  filings  and  of  relatively  high  resist- 
ance had  its  resistauce  greatly  diminished  by  being  held  near  the 
place  where  such  ether  waves  could  reach  it.  The  ether  waves 
make  the  loose  filings  take  up  a  new  condition  and  act  in  a  de- 
gree like  solid  metal.  As  the  molecules  of  every  solid  metal  co- 
here, the  tube  of  filings  is  appropriately  termed  a  coherer.  When 
once  caused  to  cohere,  the  filings  remained  so  until  disturbed  by 
agitation  or  otherwise.  If  such  a  tube  is  placed  in  circuit  with 
a  battery  and  relay,  ether  waves  will  by  reducing  resistance  close 
the  relay.  It  they  cease,  then  taiftpVug  IIcl^  ImX^^  -will  Increase  the 
resistance  and  open  the  relay. 
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Wireless  Telegraphy  is  based  on  the  production  oC  an  oscil- 
latory discharge  at  a  transmitting  station,  its  transmission  by 
ether  waves  through  space,  and  the  detection  of  the  waves  due 
to  the  discharge  at  the  distant  station.  Originally  only  the 
coherer  was  used.  It  is  still  In  eitensive  use,  although  many 
other  receiving  instruments  have  been  Invented.  It  la  now 
siiarlng  the  work  with  other  devices  more  rapid   in  action. 

Transmitting  Apparatus.— The  principle  of  the  Marconi  traiis- 
mitting  apparatus  is  shown  In  the  cut.  Fig.  B54.  One  or  more 
vertical  -wires,  W,  are  supported  by  a  mast  or  other  support. 
The  lower  ends,  If  there  are  several  wires,  are  joined  together 
and  are  connected  to  one  ball,  d,  of  a  aparh  gap.  The  other  ball, 
d,  is  connected  to  the  earth  From  d  and  d  wires  &  c'  are  carried 
to  an  induction  coll  (.  The 
primary  of  the  coil  with 
key  b  Is  In  circuit  with  a 
battery  a  On  depressing 
the  Key,  an  oscillatory 
discharge        takes        place 


the 


and     by 


1  ^ Ki_ll 


1.  554.— Pbinciple  or  TakKetnnisa 


charging  and  discharging 
affects  the  whole  length  of 
the  vertical  wire.  Ether 
waves  go  off  from  Ihe  wire  through  apace,  with  a  genera!  tend- 
ency to  follow  the  curvature  of  the  earth.  They  travel  best  over 
water,  so  that  the  ocean  la  peculiarly  adapted  for  the  use  of 
wireless  telegraphy. 

Marconi,  beginning  with  vertical  wires  only  twenty  feet  long, 
sent  signals  a  mile.  He  found  that  Increasing  the  length  of  the 
wire  Increased  the  distance  of  transmission,  and  the  rule  of  the 
distance  varying  with  the  square  of  the  length  of  the  wire  waa 
at  one  time  suggested,  but  has  been  abandoned. 

Receiving  Apparatus.— At  the  distant  receiving  station  the 
system  of  antenna  Is  established,  whose  lower  end  Is  grounded 
with  the  primary  of  an  Induction  coll  In  serlee.  The  secondary 
of  the  Induction  coil  ia  In  aeries  with  a  battery  and  relay  mag- 
net. In  parallel  with  the  battery  and  relay  magnet  Is  the 
coherer. 
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Connection  of  Stations.— Referring  to  Fig.  555,  1  is  the  trans- 
mitting station  with  its  antenna  A^,  spark  gap  b  b,  induction 
coil  secondary  Si  and  primary  Pj,  sending  key  K,  and  battery  B^. 
On  working  the  key,  sparks  pass  between  b  and  b,  affecting  the 
antennae.  Ether  waves  fly  through  space  and  are  caught  by 
the  antennae  A,  of  the  receiving  station  2.  The  disturbance 
sends  a  momentary  current  through  the  primary  P^  of  the  in- 
duction coil.     Its  secondary   S2  then  sends  a  current  through 


At 
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the  coherer  c.  This  reduces  the  resistance  of  the  coherer,  and 
a  current  goes  through  it  due  to  the  battery  Bj  and  through  the 
relay  magnet  R,  operating  a  Morse  receiver  on  local  circuit. 

There   is  a  hammer   which   actuated  by   an   electric   magnet 
and  make  and  break  constantly  taps  the  coherer,  so  that  the 
coherer  only  retains  its  conductivity  while  acted  on  by  ether 
waves.    The  instant  they  cease,  the  tapping  restores  its  resist- 
ance    Long  and  short  sigivaVa  iox  \Xi^  ^w^"^  ^<2k^^  ^^e  sent  by 
holding  down  the  key  K  at  XXie  iT^x.^mWX.m^  ^X-^X-W  'l^^  v.-^^ 

or  abort  periods.    They  axe  reeeiN^^  xi^  ^.^^   ^ 

printed  on  a  tape. 
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Anteniue  and  Connections.— Wires  as  nearly  vertical  as  the 
requirements  of  suspension  apparatus  permit  are  used  both  for 
transmitting  and  receiving.  The  following  may  be  given  as  &  ty- 
pical example  of  the  installation  of  such  wires:  Four  iron  lattice 
masts,  each  about  220  feet  high,  have  their  upper  ends  con- 
nected by  horironta!  wires,  whence  a  quantity  of  small  copper 
wires  lead  to  the  center  of  the  system  on  the  ground.  Horizontal 
wires  are  without  eftect.  The  copper  wires  represent  in  appear- 
ance a  sort  of  funnel.  Such  stations  have  been  established  on 
Cape  Cod,  U.  S.  A.,  and  elsewhere  on  the  coast.  There  is  noth- 
ing final  about  this  arrangement.  At  Poldhn,  England,  twenty 
masts  are  arranged  in  a  circle  to  sustain  the  wires.  Four  hun- 
dred bare  copper  wires,  each  wire  200  feet  long,  are  used. 


riG.  esfl.— Maroohi's  Coiibrkr. 

The  wires  are  all. connected  at  their  lower  ends  to  one  terminal 
of  a  coil  of  a  special  induction  coil.  The  other  terminal  of  the 
coll  is  connected  to  the  earth.  From  the  secondary  terminals 
of  the  coil  wires  are  taken  to  condensers,  whose  other  terminals 
are  connected  to  the  secondary  of  an  induction  coil,  A  con- 
denser is  placed  in  this  circuit,  and  across  it  and  in  parallel 
with  the  secondary  coils  Is  a  spark  gap  connection.  This  gen-  j 
erally  carries  a  pair  of  halls.  The  primary  of  the  last-named 
induction  coll  receives  current  from  a  dynamo  or  storage  bat-  i 
tery,  and  current  is  given  or  taken  off  by  a  sounding  Key.  ) 

For  ships  two  antennse  are  used.     Near  the  mast  top  a  yard 
about  30  feet  long  is  slung,  and  from  its  ends  two  copper  wire 
ropes  about   '4   inch   in  diameter  ate  \ei  iw«'\i  Xa  ^^a"*-  x'ssji^'^'^fe     | 
and  transmitting  apparatus,     BlmWaT  an.X.'Sa-Ra  V^  "^'s-*''^  ^"^  -awOT^r 
(fietapce  lapd  atatlopg, 
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Marconi's  Coherers. — ^Marconi's  coherer,  shown  in  Fig.  556, 
is  a  tube  V/j  inches  long  and  1/12  inch  internal  diameter.  A 
chamber  is  made  in  the  center  by  introducing  two  silver  plugs 
with  their  ends  1/30  inch  apart.  A  mixture  of  90  per  cent 
nickel  filings  and  10  per  cent  silver  filings  is  contained  in  this 
space  with  a  minute  quantity  of  mercury. 

Hysteresis  and  Other  Receivers. — The  coherer  used  as  a  re- 
ceiver operates  a  relay  circuit,  and  prints  the  message  on  a  tape 
in  Morse  characters  or  their  equivalent.  This  has  the  advan- 
tage of  giving  a  fixed  record.  There  are  a  number  of  receivers 
which  do  not  give  a  record,  some  of  which  are  based  on  magnetic 
lag.  The  hysteresis  of  iron  is  modified  by  ether  waves  impinging 
on  it.  In  one  of  Marconi's  receivers  an  endless  iron  wire  is 
stretched  around  two  pulleys,  and  passes  through  the  core  or  axis 
of  a  double  coil  of  insulated  wire.  The  arrangement  represents 
^D  induction  coil  with  moving  core.  The  primary  receives  the 
impulses  from  the  receiving  antennae  as  already  described.  The 
secondary  connects  with  a  telephone  receiver.  The  impulses  modi- 
fy the  hysteresis  of  the  moving  core,  and  sound  is  produced  in 
the  telephone.  In  another  construction  the  core  of  the  induction 
coil  is  fixed,  and  an  electro-magnet  rotates  in  front  of  it.  The 
ether  waves  modify  the  hysteresis  as  in  the  case  just  cited,  and 
the  message  is  received  by  a  telephone. 

There  are  a  number  of  other  constructions  of  receiving  instru- 
ments in  which  a  telephone  is  used  as  a  receiver,  the  great  sen- 
sitiveness of  the  telephone  receiver  causing  them  to  be  operative. 
The  action  of  the  ether  waves  on  these  classes  of  instruments  is 
so  slight  that  the  instruments  can  only  be  used  with  a  telephone 
receiver,  and  cannot  actuate  a  printing  recorder.  On  the  other 
h&nd,  the  acoustic  instruments  are  faster,  other  things  being  equal. 
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Application   of   T^nz's   Law...   214 

Arc,   Alternating-Current 544 

Arc    and    Incandescent    Lamp 

Circuits 472 

Arc  Blowpipe,  The  Electric .  . .  727 
Arc,  The  Direct-Current  Open.  540 
Arc,    Direct    Heating    by    the 

Electric 727 

Arc.    Distribution    of   Light    in 

Direct-Current   Open    541 

Arc,    Heat   of    536 

Arc,    Tlissing 543 

Arc  Lamp,  Direct  Photometer- 

ing  of   572 

Arc  Lamps,  Features  of  Series 
or   Constant-Current    System 

for    475 

Arc   Lamp   on   Constant-Poten- 
tial Circuit,  Action  of 553 

Arc  Lamp,  Photometry  of .  . . .  576 
Arc  Lamp,  Resistance  Coil  in.  553 
Arc  Lamps,  Commercial  Rating 

of 542 

Arc    Tjamps,    Constant-Current 

or  Series 551 

Arc  I^amps,  Constant-Potential  555 
Arc     Lamps,     Distribution     of 

Light  of  Alternating-Current  544 
Arc  Lamps,  p]fficlency  of  Alter- 
nating-Current      545 

Arc  I>amps.  Noise  In 545 

Arc.   Length  of 545 

Arc  Length,  Voltage  Drop  and  538 
Arc    Light,    Candle-Power    in, 

Watts  per 570 

Arc  Light   Carbons 530 

Arc   Light.   Efficiency  of 537 

Arc  Light,  Quality  of 580 

Arc     Lights,     Distribution     of 

Light   from    5S2 

Arc.   Power  Consumed  in 538 

Arc.  Power-Factor  in  Alternat- 
ing-Current      544 

Arc  Proper,  Light  Oiven  by..  543 
Arc  Proper.  Resistance  of . . . .   537 

Arc.  Striking    the 535 

Arc,  The  Voltaic 535 

Arcs,   Resistance  of  Longer...   543 
Arcs,   Resistance  of  Short ....   543 
Area  of  a  Circular  Mil.  Exam- 
ples  of 84 

Arithmetic  and  Mathemat^ca.lT-AO 
Armature,  Action  of  Drum...  ^^^ 

Armature  and  Core. . . ---^ 

Armature,  Balancing  of \^ 

Armature  out  of  Center *-«' 


Armature,  Centering    of 42h 

Armature,  Closed-Coil      Direct- 
Current   223 

Armature,  Commutator  Connec- 
tions of  Ring 227 

Armature  Connections,    Drum.  350 
Armature      Core,      Action      of 

Field   Poles   on 265 

Armature      Core,       Increasing 

E.M.F.   by   Adding 221 

Armature    Cores,     Eddy     Cur- 
rents in    271 

Armature,  Current  in   Ring. . .  229 

Armature,  Disk    303 

Armature,  The    Drum 231 

Armature,     End     Leakage     of 

Lines  of  Force  in 272 

Armature,  Mounting  of  Ring..  230 
Armature,  Multipolar    Ring. . .   231 
Armature,    Open- Wound    Four- 
Part   Ring    230 

Armature,  The    Pacinotti 225 

Armature,  Pole  Single-Phase . .  354 
Armature     Polarity     Due     to 

Windings    265 

Armature  Reaction  Diagrams.   266 

Armature  In  Rotary  Field .   364 

Armature  Rotation,  Reversal  of  404 

Armature  Running     428 

Armature  Shaft,  End  Motion  In  423 
Armature,  Short  Circuits  in . .   423 

Armature,  Single-Phase 348 

Armature,       Slxteen-Conductor 

Bipolar   235 

Armature,  Squirrel    Cage 367 

Armature,  Spindle  or  H 222 

4rmature     Winding,      General 

Formulas  for  Drum 246 

Armature   Winding,   Nomencla- 
ture for  Drum 246 

Armature    Winding,     Principle 

of  Alternating-Current    ....   350 
Armature  Windings,  Break  in.   4?2 
Armature  Windings,    Drum . . .   233     > 
Armature  Windings  and  Frame,  t 

Short   Circuits   between 435     ' 

Armature,   Winding  a  Drum . .   241 
Armature  Winding,  Simple  Sys- 

em  of    234 

Armature  Windings,  Laying  out 

Drum     24JI 

Armatures,  Cores  of  Ring. . . .  228 
Armatures,    Modem    Ttpes    of 

Closed-Coil    226 

Armatures,  Open  Coll 222 

Armatures,   Pole 301 

Armatures,  Various    193 

Armatures   with   Formed  Coll, 

Winding    801 

Artottciftmenta  of  Batteries ....  122 

\\e\i\Tv\w«, ^'SS* 

TiVaft ^^^ 


Arrester.      Double-I>alt>      Ugixi- 

Arreater,    Llghtniag    G 

Arrester.  Low -E()ulva lent  Alter- 
nating-Currant    Lightning...  B 
Arrester,     Magnetic   ^low-Oat, 

Llgblnlns   6 

ArrcBter.     Nod- A  reins     Metal, 

t.ightnlns   B 

Arrester.  Tank  LlRhtnlng B 

Arrester,    W^Btlnghouce    Llgbt- 

Arrlvfll  'cnr'y'e".'.'.'.'.'.'.'.'.'.'.'.'.'. 

Astatic    i;alvanometer 8 

Atomi''   Weiutits  and   Cbemlcal 

EqiKvHlpnrs    . 

Ait  ran  Ion    nn<1    It«pulBlon    of 

MaRnetlc   I'oles    » 

Automatic    Ciil-Out 1 

Automatic  Regulation  of  Volt- 
age         4 

Aiiro-Transformer.   The 8 

Anxlllnry  Feeder  Connections,  i'. 
Average  Valueg 3; 

B  anri  B  Carvim   I 

B    and    H    ri]rv«tir    Interureta- 

tliin    of   1' 

B  auH  S  tjynoD.Tma  for I 

BacliiDK   Ip   DepoBita 6' 

BsiliBtrc  CflicuiatlDn    6 

BatllBtlc   Gaivanometer,   The. .   6 

Baiiiijtic    Measurement    6 

Bar.  Talculnting  Bcale  of  Pho- 

Bath,  Placing  Molds' in! !!!  1 !  6' 
Baths,  Temperature  of  Plating  6' 
Batterj-,  Action  of  a  Storage.  1; 
Battery,        Amalgamation        of 

Primary    ! 

Battery,  American   Storage T. 

Battery.    Bai^det    Bliibon li 

Battery,    BmigcD'a li 

Battery,  Camacho  Caacade...  li 
Battery  Cell.  The  Primary...  I 
Battery     Colin,     Insnlatloa    of 

Storage    li 

Bnllcrv  (Vila,     Storage H 

HbImt.v.  The    Charge    of    Stor- 

Bnltery.  Cliarjrlng  Storage....   li 

Bnttery.  Chloride    1; 

Battery     Connections.     Booster 

and    Storage 4 

Battery     Connect  I  on  b.     Making 

ItaliiTy.    ('rompton-Iloweli!!!;   i; 

Battery.  The    Danlell 1 

BHtlery,  Iiepolnriiilng  Mlilures 

Id  Pogeenilorir li 

Battery,  JJelermlnatlon  of  Dla- 
ebarge   of  Storage 1 


1 
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Battery,  Ediaon'a  Storage 

Battery,  Bod  Ceils  of  Storage 

Battery.    B.P.S 

Battery     Equalizer     in     Tliree- 

Wire  Syateni,  Storage 

Battery,  Exciting  Solutions  In 

Poggendortt    

Battery,     Eihaustlon     ot    Prl- 

Battery,  Faiire-s* '.'.'.'.'.'.'.'.'.'.'.'. 
Battery,      The      Faure-Sellon- 


Balterj,  F-unctlon  of  a  Storage  12S 

Battery,    GlblW ?" 

Battery,  Gould   Storage 

Battery,  Gravity     : 

Battery,  Grenet  a    : 

Battery,  Grove's  : 

Battery,  Oroye'B    Gaa... ; 

Battery.  Ilellos-Upton     1 

Battery,    Local    Aetlon   of    prl- 

Battery,    Meldlnger'a '. .   1 

Battery.  Modlflcntlons  ol  Bun- 


Battery,  i 

lell's    , 

Battery.    Modlflratlons    of    Lo- 

Isnde  and   Chaperon 1 

Batteiy.   Modlflcafions   of  Pog- 

gendorlFs    ] 

Baltery.   Nomenclature  of  Pri- 


Parti 
Plant 


Batter 

Battery,  PoggendorirB. . 

Battery.  Polarlaallon    i 

Battery.    Radigue'r "  . 

Battery.  Keqiilrements     of     a 

Storage   

Battery,  Band    Type    of    Dan- 


lel|-a 


,   Tak- 


— „    itorage 

Battery,   Setting  up  a  Storage  1 

Battery,    Smee's 1 

Battery    Syatem,    Dean's    Com- 

Battery   Syatem,    Stone's   Com- 
mon     I 

Battery  ^sterna.   Common...,  I 

Battery,   Tudor 1 

Battery.    Wnifell-Rnli 1 

-tatlery,     Wol 
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Batteries,  Chemical  Action  of 
Btorage   

Battfrlea,    Copper    Storage 

Batteries,    Dip 

Batterlo.     Dry 

Batteries,   Forming   Storage... 

Batteries  In  Tbree-Wlre  Sys- 
tem. Storage   

Batteries,  MaQufacIurer-«  Data 
with    Storage 

Batteries.    Modern 

Batteries.  Notes  on  attirage. . . 

Batteries,  Reslstanee  of  Stor- 
age     

Bs.tterles.  Simple   

Batteries.   Zlnc-AcM   Storage.. 

Bandet  Siphon  Batterj 

Bell.    Polarized 

Bell    Wiring 

Bells  for  I-arty  Unes,  I-olar- 
lied   

Blcbromste     Solutions,     I'otas- 

Blndlne  I'aatii". '.'.'.'.'.'. '.'.'. 
Bipolar  Armature.  SliteeQ-Con. 

Bipolar       Armature.       TwelVe- 

Conductor  

Bipolar      Field.      Doiible-Iajer 

WlmHuB  tor 

Bipolar     Helfl.    Single    Layer 

frlndlnu  tor  

Bipolar    WIndInt,    ^ 

Blake   Transmitter.   The 
Blow-Olit     Lightning    Arresier. 

Magnetic   51H 

Blow-Out  Magnet Sllfl 

Blowpipe,  ThP  Kleetric  Are...   727 

Board    and    Tut-Outs MO 

Boards,    Dlstrlhutlng 70.t 

Booster    and    Slorage    Battery 

CoQQectlons    410 

Booster.    Automatic    408 

Booster    Connections 40e.  4nB 

1      Booster,   Hand  Kegulatlon  ot.  ..407 

Rooster,    Motor    nnd    Sfl 

Boosters.   Slotor-nynamos  as.,    40S 

Boosters.  Reculators  or 400 

Bouiuec's    Pholometer S70 

Brscket   Telephones.    TndncHon 

Colls    In..    nSS 

Brake,    l^iresslve     Use    ot     In 

^  Trollev    «»' 

Brake.    Pronv.   The Sfi 

Branlv's    Coherer 7S2 

Breaker.  Clrcnlt    I'.O 

Break  In  Armature  ■Windings.   4'^2 

Break  In  FlelH  Winding 4^" 

Brldred  TV/ephone  Circuit RW 

Bridge  Kev    ^■'■'' 

BrWee.    Operation    of    Wheat-   __ 

„  Wone «^ 

BrlAte  ^^  Bridge    Box.  Wheat- 
"OQe  t .  ■  t .  ' '  -  *■' 


Tirldge.  The  Meter « 

llrldge,    Wheatatone « 

rtrltish    Aasoclattou    Standard 


Itrush  liolderB 

nrusti  Pressure 

Ilrush    Elgglng 

Itrushes    22 

llrushes.    AUeniator , 

lirushea  and  Brush   Holders. 

Rrushes,  Carbon    

nrushes,  Copper 

llrushes.  Hard    Carbon 

llrushes.  Lifting 

lirushes.  Position    ot 

Itruslies.  Position  at  0| 


Itruslies.  Position  at  Opposite.  3i 

rirushes.  Replacing  antf  Setting  4 

Urnshes.    Tangential    3( 

Hrushes.  Trimming    Metal 31 

ptuckllDg  ot  Plates i: 

liulldlng  up  tbe  Field  of  Force  i: 

ISnnaeu^  Battery H 

Runaen's  Battery.  Modlflcatloa* 


Ijus-Bar,    Transfer. . 


Disk... 


city    of 

Ible.  Finding  Wire 
ible,      Insulation 


Ibis.  Making  Branch  Connec- 


ter   E.M.P.    Drop., 
■alculatlon    for    Conl. 


•atculatlon    of    Resistance    of 

Parallel    Circuits 81 

■alculatlons.  Klectrical    17 

'alcutatlons.  Examples  ot  R.I. 

Drop    82 

Calculations   tor   Berles  Dlttrl- 

butlon    4Tn 

r^lcolatlons.    Voltage 1*2 


Caoa\«.  SMroiMi.  ^m 
\        'Ww.tta    ^T. .--..-■ 

\  CRtvau-Po-««  ."-^  :>^ 
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Candle-Power    of    Incandescent 

Lamps 576 

Candle-Power,   Spherical 574 

Capacity    47,  388 

Capacity,    Composition    of    Re- 
sistance,   Inductance,    and . .  348 

Capacity,  Examples  of   49 

Capacity  of  Cable,   Determina- 
tion   of 648 

Capacity  of  Condensers 44 

Capacity,  Ohmic  Equivalent  of 

Reactance    of 337 

Capacity,  Reactance    of 338 

Capacity,  Specific    Inductive...  48 

Capacity,  Storage    130 

Carbonlng  a  Lamp 561 

Carbonization    524 

Carbon-Feed    Lamps. . . '. 549 

<^^arbon  Holder,  Globe  and 547 

C  arbon   Holders    550 

Carbon  Negative  Plates 103 

Carbon  Transmitters,    Loose. . .  681 

Carbons,  Arc   Light 539 

Carbons,  Duration    of 545 

Carbons,   Inclosed- Arc .  547,  559,  560 
Carbons,    Positive    and    Nega- 
tive     535,  560 

Carbons,  Quality    of 538 

Carbons,  Wearing  of 539 

Cardevr    Voltmeter 463 

Car,    Economical    Running   of.  597 

Car,    Jerking    601 

Car   Heating    601 

Car,  Leaving   the 598 

Car  Motor,  Construction  of . . .  588 

Car  Motors,  Horse-Power  of. .  580 

Car,  Reversing   the 598 

Cascade  Battery,   Camacho. . . .  107 

Cathode,  Position  of  Anode  and  670 

Causes  of  Lag  and  I..ead 341 

Cell    96 

Cell,  Modification    of   Gravity.  116 

Cell,  The  Primary  Battery 93 

Cells,    Counter,    E.M.F 165 

Cells,     Insulation     of     Storage 

Battery    161 

Cells  of  Storage   Battery,   End  164 
Cells,    Short-circuiting  of   Sin- 
gle      152 

Cells,    Storage    Battery 161 

Center,   Armature  out   of 429 

Centering  of  Armature 428 

Change,     Graphic    Representa- 
tion of  Rate  of 323 

Change,   Rate   of 323 

Changing  Voltage 400 

Characteristic       Curves.        See 
Curves.  Characteristic. 

Cbarffe^J^.M.F.   and   the  Static  58 

'^harge.    First 150 

^barge     of     Storage     Battery, 

J  lie' "X  A-" 

barging  .....* ^  ^'* 

^''i^^S.  Engllahnule  'toV.W  I5i 


Charging    from    Lighting    Cir- 
cuits,  Connections  for 157 

Charging   Storage   Battery 166 

Chemical     Action     of     Storage 

Batteries    131 

Chemical    Decomposition,    Cur- 
rent Strength  and 90 

Chemical    Decomposition,    E.M. 

F.  in 91 

Chemical     Decomposition,     En- 
ergy in   01 

Chemical    Equivalents,    Atomic 

Weights  and    89  - 

Chloride  Battery 136 

Choke    Coils 505 

Choking  of  Transformer 376 

Circle,   Generating    322 

Circle,    Interpretation    of    the 

Generating    3***^ 

Circuit,  Action  of  a 66 

Circuit  and  Inductance,  Turns 

of  a 334 

Circuit,  Action  of  Arc  Lamp  on 

Constant    Potential    553 

Circuit-Breaker    150 

Circuit-Breaker,    Magnetic    Re- 
lease   Underload 453 

Circuit-Breaker,  Mechanical  Re- 
lease Underload    453 

Circuit-Breaker,    Reverse    Cur- 
rent     454 

Circuit-Breaker,    Switch    Boxes 

and,  on  Car 590 

Circuit-Breakers  as  Switches..  454 
Circuit-Breakers,  Combined  . .  454 
Circuit-Breakers,  Overload. .  . .  451 
Circuit-Breakers,  Underload . .  452 
Circuit,    Bridged   Telephone...   696 

Circuit,  Condensers  in  a 64 

Circuit,  Constant    Current....     78 
Circuit,  Constant    Potential ...     78 
Circuit,  Constitution   of   a....     63 
Circuit,  Counter   and   Forward 
E.M.F.     in    Alternating-Cur- 
rent      334 

Circuit,  Discharge    of    Storage 

Battery  on  Open 144 

Circuit,  E.M.F.  in  Alternating- 
Current  333 

Circuit,   P'nergy  and  the   Mag- 
netic         172 

Circuit,  P^xcltlng    Series    Coils 

from  Main 261 

Circuit,    Nature    of    the    Mag- 
netic        174 

Circuit.  Outer    68 

CVrcuU,  VfeXTti^«Ai^^  ci\  ^  ^^^-t- 

•jvetVc        '^^Vi 

CVTcwVt,  Yci\kT\XN    o\  ^aft ^^5-> 

cvrcMvt,  viv\^wx.w  ^^^- ^  •_:  * ' : : .  «^ 

er     I 
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Circuit,  The  Electric   63 

Circuit,  The    Magnetic 172 

Circuit,  Three  Elements  In  a.  74 
Circuit,  Three  Factors  of  Mag- 
netic      175 

Circuit    without  Resistance    . .  71 
Circuits.    Arc    and     Incandes- 
cent Lamp   472 

Circuits,  Appliances  and  Gene- 
rators In 65 

Circuits,  Calculation  of  Resist- 
ance of   Parallel 81 

Circuits,        Connections        for 

Charging   from    Lighting 1 57 

Circuits,  Independent   492 

Circuits,  Open  and  Closed....  64 

Circuits   without   Appliances.  .  64 

Circular    Developments 238 

Circular   Functions,   Numerical 

Value  of 34 

Circular  Mil,  Area  of 84 

Circular  Mil   System 83 

Circular  Mil    System,   Applica- 
tion of   84 

Classification    483 

Clerk   Maxwell's  Rule 213 

Closed  Circuits,  Open  and ....  64 
Closed-Coil  Armatures,  Modern 

"Types  of 226 

Closed  -  Coil     Direct  -  Current 

Armature    223 

Closet   System   484 

Clouds,  E.M.F.   In  Thunder...  58 

Clutch,  The   548 

Clutch  Stop  Adjustment 560 

Coherer,    Branly's 732 

Coherer,  Marconi's 736 

Coil  and  Electro-Magnet,  Mag- 
netizing by 1 97 

Coil,  Damping   460 

Coil,  Dimensions   of  Telephone 

Induction 686 

Coil,    Disconnecting    or    Open- 
ing Shunt 260 

Coil,  Effect  of  Independent  Ex- 
citation of  Shunt 260 

Coil,  Effect    of    Telephone    In- 
duction      688 

Colls,  Arrangement    of    Resist- 
ance    627 

Coils,    Choke 505 

Colls,  Direction  of  Current  In- 
duced  in    21 7 

Coils  from  Main  Circuit,  Excit- 
ing Series • 261 

C.oHs,  Heating  of  Field 4^^ 

Colls  In  Arc  Lamp  Resistance.  ^v>^ 
CoUs    in    Bracket    Telephones, 

Induction    ^** 

Colls  in   Compound   Dynamos, 

^  Kxcitaffon    of  Field  ..••/•  •  •-  ^^^ 
CoJJs,  Modem  ArrangementB  oi 

^  Resistance     \^x 

Colls,   Pancake '^ 


Coils,   Practical   Notes    on  Re- 
sistance    631 

Coils,    I»roportIonal 636 

Colls,  Reactance  or   Economy.  54.') 

Colls,  Repeating 705 

Colls,  Resistance 626 

Coils,  Resistance,  Spools  for..  631 
Coils,    Separate    Excitation    of 

Shunt    261 

Colls,  Telephone   Induction   . . .  684 
Colls,  Wlnolng  Armatures  with 

Formed    301 

Collecting  or  Slip  Rings 219 

Collector    Rings 41U 

Colors,        Distinguishing,        of 

Wires    722 

Commercial     Rating     of     Arc 

Lamps 542 

Commutator    Bars.    Bad    Con- 
tacts between  Winding  and.  419 

Commutator  Bars,    I^oose 420 

Commutator  Connections.  .238,  245 
Commutator    Connections,    De- 
velopment   of 240 

Commutator     Connections     of 

Ring  Armature 227 

Commutator    Construction 303 

Commutator,  Filing    433 

Commutator,  Material  of   ....  419 

Commutator,  Oval    420 

Commutator,  Position    of 305 

Commutator,    Sandpapering. . ,  433 

Commutator,    Smoothing    ....  433 

Commutator,  Sparking    of 424 

Commutator    Surface,    Gummy 

or   Sticky 420 

Commutator  Surface,  Lubricat- 
ing    420 

Commutator,  Temperature  of..  419 

Commutator.  Turning   down. . .  432 

Compensated   Voltmeter 470 

Compensating    Resistance 619 

Compensator.  Inductance    ....  471 

Compensator,  Ohmic    471 

Compensator,  Starting 368 

Compensators    409.  470 

Composition  of  Resistance,  In- 
ductance and  Capacity 343 

Compound     Dynamos,     Excita- 
tion of  Field  Coils  in 260 

Compound    Dynamos,    Parallel 

Coupling    of 402 

Compound     Dynamo.       Wrong 

Connections    In     432 

Compound    Winding 256 

C^Q\xi\>Q>\3LT^^    "WVc^'Siw^    Calcula- 

WCSO.,  YirKA.\CX\\^    ^\ *I5v^ 

^'Swc^X, .• ^U^^ 

^^^i\^-u^«vAVt^v^'^:^  '^^  


eoTft\>< 
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,  Concentric  Magnets  In  Lamps.   550 

Condenser,    Earthing   a 44 

Condenser,  Single  Surface 45 

(^ondensers    42 

Condensers,  Capacity   of 44 

Condensers  In  a  Circuit 64 

Conditions    for   Inducing   Elec- 
tric Energy    20G 

Conditions  of  Sensitiveness. . .   636 

Conductance     69 

Conductance      and      Cross-Sec- 
tional Area  of  Conductors . .     83 

Conductibility    69 

Conduction,    Electrolytic 73 

Conduction    Interference 714 

Conductivity    69 

Conductor,  Action  of  a 51 

Conductor,       Calculation       for 

Conical    486 

Conductor  in  a  Field  of  Force, 

Motion   of 169 

Conductor,    Inductance    React- 
ance  in    Subdivided 336 

Conductor,  Lines  of  Force  Pro- 
duced by  a  Curved 169 

Conductors,    Conductance    and 

Cross-Sectional   Area   of . . . .     83 
Conductors,      Cylindrical      and 

Conical    485 

Conductors,  Eddy  Currents  in.   272 

Conductors,  Electrolytic     66 

Conductors     and     Non-Conduc- 
tors      50 

Conductors,   Size  of,   for   Plat- 
ing    669 

Conical  Conductor,  Calculation 

for    486 

Conical    Conductors,    Cylindri- 
cal and    485 

Connection,  Delta  or  Mesh.361,  507 
Connection    in    Cable,    Making 

Branch    653 

Connection  of    Stations 734 

Connection,  Y  or  Star 359 

Connections,  Antennae  and,  in 

Wireless    Telegraphy 735 

Connections,    Auxiliary    Feeder  495 

Connections,  Booster    406 

Connections,  Booster  and  Stor- 
age Battery   410 

Connections,    Commutator. 238,  245 
Connections,     Development     of 

Commutator   240 

Connections,   Drum   Armature.   350 
Connections,      Examining,      on 

Cars     599 

Connections     for     Alternating- 

Current,    Y 506 

Connections  tor  Charging  from 

Ughtlng     Circuits 157 

Connections        in        Compound 
Dynamos,    Wrong    .  .  4^^ 


Connections,    Line 362 

Connections,    Multipolar   Dyna- 
mo    264 

Connections  of  King  Armature, 

Commutator     227 

Connections,  Switchboard    ....   712 
Conservation  of  Electricity. ...     57 

Constancy  of  Magnetism 199 

Constant-Current    Circuit 78 

Constant-Current  or  Series  Arc 

Lamps     551 

Constant-Current    System 472 

Constant-Current     System     for 
Arc      Lamps,      Features     of 

Series  or    475 

Constant-Current      Transform- 
ers       387 

Constant,  Determination  of  the  620 

Constant,    Hysteretic 186 

Constant  of  Galvanometer....   620 
Constant-Potential  Arc   Lamps  555 

Constant- Potential    Circuit 78 

Constant-Potential     Systems. . .   473 

Constants,    Useful 35 

Constitution  of  a  Circuit 63 

Contacts  between  Winding  and 

Commutator  Bars,  Bad 419 

Control,  Crocker- Wheeler  Speed  414 

Controller    Points    593 

Controller,    Rheostat 596 

Controller,    Series-Parallel    . . .   504 
Controller  Troubles  on  Cars..   600 

Controllers    592 

Construction,     Advantages     of 

Multipolar     252 

Construction,    Multipolar 350 

Conventional      Representations 

of  Machines 264 

Converter,  Functions  of  a  Ro- 
tary      394 

Converter    in    Three-Wire    Sys- 
tem,   Rotary 393 

Converter,    Rotary 390 

Converter,  Starting  a  Rotary . .   394 
Cooking    and    Domestic    Heat- 
ing,   Electric 723 

Cooking,    l*ower    Required   for.  723 

Cooling,    Air-Blast 386 

Cooling,    Oil 384 

Cooling,    Water     385 

Copper   Loss.   The 584 

Copper-Plating     662 

Copper,    Saving   in 497 

Copper  Storage  Batteries 139 

Core,  Action  of  Field  I*oles  on 

Armature    265 

Core,  Armature    and 221 

COTfe   iaXOON^^ "^i*^*^ 
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Cores  of  Ring  Armatures 228 

Cotton    Waste 439 

Coulomb,    Hydrogen    Liberated 

by  the 88 

Coulomb,     Water     Decomposed 

by  the 88 

Coulombs,     Current,     Amperes 

and 52 

Counter    Electromotive    Force. 
See  Counter  E.  M.  F. 

Counter   R.    M.    F 833,  536 

Counter  and  Forward  E.  M.  F.  173 
Counter  and  Forward  E.  M.  F. 
in    Alternating-Current    Cir- 
cuit       334 

Counter  E.  M.  F.  Cells 165 

Counter  E.   M.   F.,   R.   I.   Drop 

and    79 

Counter   E.   M.    F.,   Drop   Cal- 
culation,   Example   of 82 

Couple     96 

Coupling   of   Compound    Dyna- 
mos,   Parallel    402 

Coupling    of    Shunt    Dynamos, 

Parallel     402 

Critical       Point       of       Shunt- 
Wound   Dynamo 281 

Crocker-Wheeler      Speed     Con- 
trol        414 

Crompton-Howell    Battery    . . .   135 

Crushers    413 

Current  from  Alternating  Cur- 
rent,   Direct     390 

Current,    Amperes    and    Coul- 
ombs         52 

Current  and  Rate  Units 50 

Current   Armature,   Closed-Coil 

Direct    223 

Current,     Cause    of    Form    of 

Alternating  R.   M.   F'.   and..   319 
Current   Circuit.    Constant....     78 

Current,    Critical    279 

Current      Curves,      Alternating 

E.  M.   F.   and    320 

Current  Curves,  Drawing  E.  M. 

F.  and    321 

Current  Curve,  E.  M.  F.  and.      310 

Current,   Direction  of  a 55 

Current  Distribution,  Alternat- 
ing        504 

Current    Dynamo,    Elementary 

Idea    of    Alternating 219 

Current    Dvnamo,    Elementary 

Idea   of   Direct 220 

Current       in       Electroplating. 

Regulation  of   ^^\ 

Current   for   Electroplating...  v>vw 

Current,    Ether    and     "^^^ 

Current,    Fields    of    Force    and 
Lines   of   Force   Due   to.... 
Current,    Form    of    Alternatiiig 


T>r> 


E.   M.  F.  and.  .  . 
Current.    Generation    of    Alter- 
oating 


i\Aft 


S4S 


Current,       Induced*       tXevelop-  I 

ment   of    240 

Current  Induced  in   Coils,  Di-  I 

rection    of    217 

Current  Intensity  in 'Plating. .  669     { 
('urrent      Measurement      with  ) 

Potentiometer    640     { 

Current    on    the    Magnet,    Ac- 
tion of  a    202 

Current,    Production    of    52     : 

Current,    Production    of    Alter-  ] 

nating  E.   M.    F.    and 318 

Current  in  Rotary   Transform-  j 

er.  Relations  of  Voltage  and  .392 
Current,    Reversing    Direction 

of 41fi 

Current,    Speed    of    a 54 

Current,        Standard         Series 

Lighting   477 

Current    Strength     53 

Current    Strength    and    Chemi- 
cal  Decomposition    9fl 

Current,  Three-Phase 341 

Current,  Time  Required  to  Pro- 
duce a    51 

Current  to  Drop,  Relation  of.  491 

Current,    Two-Phase    34« 

Current,    Wattless    24< 

('urrent,     Y     Connections     for 

Alternating    506 

Currents    in    Armature    Cores,  ;• 

Eddy   271     [ 

Currents  in  Conductors,  Eddy.  272    i 
Currents  in  Core  Disks.  Eddy.   271 
Currents,  Foucault  or  Eddy. 

215,  271,  42i^ 
Currents,  Mutual  Action  of . .  199 
Currents  in   Pole  Pieces,  Eddy.  272 

Curve,    Arrival    54 

(^irve.  Drooping  Characteristic  273 
Curve,  E.  M.  F.  and  Current.  316 
Curve  of  Shunt  Dynamo,  Total 

Characteristic    203 

Curve,  of  Shunt  Dynamo,  Total 
Current   Characteristic    ....  282 

Curve,    Sine    321 

CurvCj  Vector  Diagram  of  Sine  325 
Curved    Conductor,     I^ines    of 

Force  Produced   by   a 169 

Curves,    Alternating   E.    M.    F. 

and   Current    320 

Curves,  B  and  S 178 

Curves,   Characteristic.258,  273,  276 
Curves,  Determination  of   ....  182 
Curves,      Drawing     Character- 
istic     277,  321 

CxaiTN^^,      ^«v^^x^     "^«<ft"&      on 

CVi«iT«L<i\^T\9XVi    'IK^ 

CwTx^a,  \\i^\.^x^^\^    X*^ 

V.AWNe'a,     -X^^\%WQ.      
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Curves,    Ohm-Volt    284 

Curves,  Permeability    180 

Curves,  Power 345 

Curves,    Shunt-Wound  Dynamo 

Characteristic    280 

Curves,    Types    of    Character- 
istic       273 

Cutting  Lines  of  Force, 

205,  209,  224 

Cut-Outs    560 

Cut-Out,  Automatic    150 

Cut-Out,  Film    478 

Cut-Outs,  Board  and 596 

Cut-Outs,  Overload  and  Under- 
load     448 

Cycle     316 


Damping  Air- Vane   

Damping   Coil    

Daniell  Battery    Ill, 

Daniell  Battery,  Sand  Type  of 

Dash  Pots    

Data    with    Storage    Batteries, 
Manufacturer's    

Deflection,    Direction    of    .... 

Degree   System 

Delta  or  Mesh  Connection.361, 

Demagnetizing  Turns 

Density,    Field    

Density  of  a  Field  of  Force. . 

Densities    of   Field,    Varying.  . 

Depolarizers,      Sulphuric     and 
Nitric   Acid    

Depolarizing  Mixtures  in   Pog- 
gendorflP's   Battery    

Deposits,    Backing    LTp    

Deprez-D*Arsonval      Galvanom- 
eter     

Detection  of  the  Field  of  Force 

Determination    of    Curves .... 

Determination  of  Discharge  of 
Storage    Battery     

Dean's    Common    Battery    Sys- 
tem     

Decade   Plan,   The    

Decomposition.  Current 

Strength    and    Chemical.... 

Decomposition,     E.     M.     F.     in 
Chemical    

Decomposition,        Energy        in 
Chemical     

Developments,    Circular    : . . . . 

Diagram  of  Sine  Curve,  Vector 

l)iai?raras.    Armature   Reaction. 

Dielectrics    

Difference   of   Potential,   E.   M. 
F.     and     

Dltfractlve  Photometer    

Dimensions    of    Telephone    In- 

duction    Coll 
Dip    Batteries 

""cTc^eaT^if',    ^■- "Mature 


461 
460 
112 
114 
550 

144 
637 
321 
507 
268 
176 
172 
267 

110 

100 
675 

611 
168 
182 

145 

698 
629 

90 

91 

91 
238 
325 

206 
48 

61 
WW 


108 
22S 


Direct-Current     Dynamo,     Ele- 
mentary   Idea   of    220 

Direct-Current    from    Alternat- 
ing Current   390 

Direct-Current     Ground     Indi- 
cator        456 

Direct-Current       Motor       and 

Torque     285 

Direct-Current  Open  Arc 540 

Direct-Current   Open  Arc,   Dis- 
tribution   of    Light    in 541 

Direction    of   Current    Induced 

in   Coils    217 

Direction  of  Current,  Reversing  416 

Direction    of    Deflection 637 

Discharge  of  Storage  Batteries  144 
Discharge   of  Storage  Battery, 

Determination  of 145 

Discharge   of    Storage   Battery 

on    Open    Circuit    144 

Disconnecting       or        Opening 

Shunt    Coil    260 

Disintegration  of  Storage  Bat- 
tery       153 

Disk  Armature    303 

Disk,    Bunsen    564 

Disk,    Leeson     565 

Disk    Winding    of    Transform- 
ers   387 

Disk   Windings    357 

Disk- Wound  Transformers  . . .  380 
Disks,  Mounting  Photometer . .  565 
Disks,  Eddy  Currents  in  Core.   271 

Distortion,    Field    265 

Distributing  Boards   703 

Distribution,     Alternating-Cur- 
rent     504 

Distribution,    Calculations    for 

Series    475 

Distribution,   Disadvantages  of 

Parallel    482 

Distribution,    Elementary    Case 

of    Parallel    482 

Distribution,      Limitations     of 

Series 474 

Distribution,       Objections       to 

Series    481 

Distribution   of  Light    534 

Distribution  of  Light  of  Alter- 
nating-Current Arc  Lamps . .   544 
Distribution     of     Light     from 

Arc    Lights    582 

Distribution    of    Light    in    Di- 
rect-Current   Open    Arc...   541 
Distribution  of  Light  from  In- 
candescent   Lamps    583 

Distribution,    Parallel    481 

DlatY\bwUciT^,  ^^\\ft^ "^^ 
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Drop    CalculatlonB,    Kxamples 

of  U.    1 82 

Drop   in    Parallel   System,   Po- 
tential       482 

Drop  of  Potential    60 

Drop    of    Potential,    Analogies 

of     60 

Drop,  Relation  of  Current  to. .   4»1 

Drop,    Voltage    536 

Drum  Armature   231 

Drum  Armature,  Action   of . . .   233 
Drum    Armature    (Connections.   350 
Drum  Armature,   Winding  a.  .   241 
1)  um  Armature  Winding,  Gen- 
eral   Formulas    for    246 

I)rum       Armature       Winding, 

Nomenclature    for    246 

Drum   Armature  Windings.233,  243 

Dry  Batteries    121 

Duties,    Motorman's     597 

Dynamic    and    Static    Electri- 
city         56 

Dynamo,  Action  of  Separately- 

Kxcited    262 

Dynamo     and     Motor,     Inter- 
changeability  of    218 

Dynamo  and  Motor,  lieyersibil- 

ity    of     285 

Dynamo,   Ha  lancing    501 

Dynamo    Characteristic  Curves, 

Shunt-Wound 280 

Dynamo,      Critical      Point      of 

Shunt-Wound    281 

Dynamo      Connections,      Multi- 
polar       204 

Dynnmo-Mloctric    Ccnerators.  ..  218 
Dynamo,    Klemontary    Idea    of 

Alternating-Current    210 

Dynamo,    Klomentary    Idea    of 

Direct-Current    220 

Dynamo    Frames,    l^]artliing    . .   4.'U 
Dynamo,    Modern    Multii)olar. .   250 
Dynamo    or    Motor,    Tempera- 
ture of    430 

Dynamo,    Separate-Circuit     .  .  .    203 

Dynamo,    Starting    a     428 

Dynamo,  Tele])hono   Uecelver,  a  212 

Dynamo,   Three-Iirush    400 

Dynamo,    Total    (Characteristic 

Curve  of  Shunt   283 

Dynamo,    Total    (^urrent    Char- 
acteristic   ('urve    in    Shunt.    2S2 
Dynamos    as    Hoosters,    Motor.    408 
Dvn/imo.s    and    Magnetos,    lleg- 
uhitUm      of      Separjv\o\y-YiTL- 

*1^*1 


Dynamos,  Separately-  and  Self- 
Excited     263 

Dynamos,  Series  Winding  of.  252 
Dynamos,  Shunt  Winding  of..  254 
Dynamos,    Soft    Steel    in.    ....  181 

Dynamos,   Varieties   of    219 

Dynamos,    W^ong    Connections 

in  Compound 432 

Dynamometer,    The    39 

Dynamometer,   Slemens's   ....  822 

Economy  Coll,  Reactance  or...  645 

Economy,    Feeder    49(J 

Edison's    Meter     51J 

Edison's    Storage    Battery....  1^ 

Edison's  Telephone 682 

Eddy  Currents,  Foucault  or, 

215,  271,  429 
Eddy    Currents    in    Armature 

Cores     271 

Eddy  Currents  in  Conductors.  271 
Eddy  Currents  In  Core  Disks.  271 
Fiddy  Currents  In  Pole  Pieces.  27t 

Effective  Values    32« 

Effective  Values,  Formulas  for  381 
Efficiency    of    Alternatlng-CMr- 

rent  Arfc  Lamps   541 

Efficiency  of   Arc    Light 531 

Efficiency  of  Eflectrlc  Heating  72J 
Electric  Arc,  see  Arc. 

Electric  Circuit,  The    ^ 

Electric-Car    Motor,    The j>8^ 

Electric  Coolcing  and  Domestic 

Heating     72J 

Electric  P^nergy,  Conditions  for 

Inducing     2w 

Electric  (jenerators,  Dvnamo.  2lJ 
Electric   Heating.    Economy  of.  ^ 

5< 


Electricity,    Conservation    of 

Electricity.  Dynamic  and  Static 

Electricity,  Ether  Waves  Pro- 
duced  hy    

Electricity,  Quantity  of.  Mean- 
ing   of    

Electric    Resonance    ^. 

Electric  (Quantity.   Storage  of.    ■♦' 

Electrodes,    Moving    

Electro-Chemical     Equivalents. 

Electro-Chemistry.  Summary  of 

Electrolyte  and  Tests,  Impari- 
ties   in    

Electrolyte,    Preparing    the    .. 

Electrolyte,  Specific  CJraWty 
Variation  of  Storage  Bat- 
tery     

Y\^Q\T<A^i\.V  <:'^uductlon    ...66. 


HA 
44 


103 

ir.5 
i:i3 


1J« 


'^'feJ^'^^CfiSSi. 


citod     

Dvnamos,   RxcUfttlon   oi  "F\e\A 

^  (^o//s     in     (Compound     •  •  ^^^^  ^^,,^  ^,,^    _      , 

/>.vnnnH).s.     Field     "Magnet     tot  \    Y;y^^\.»^^^.^\^^:;cvKiV,    ^\Nr«i 

^  ^fnltlpolnr     v  *   V>n*>  \   y\<^c\tcn-^\^%^^'^. '^^^^N 

Com  pound- Wound  " "  * 


I 


Electro -Magnetic  T  r  a  c  r  1  v  c 
I'ower    102 

Elect  rumutFr.  Tbamson  or 
Kelvin  AtiBolule    617 

Elec'tromatlre  Force.  See  B. 
II.  F. 

Electromotive  Force,  Counter. 
See  Connter  E.  M.  F. 

Electroplating     650 

Eleclroplating.   Current   for...   660 

Elect  roplBtlng,  EDeroT  AtMorb- 
ed     In      659 

Electroplating,  Qeneral  prin- 
ciples   of    650 

Electroplating,  Regulation  of 
Current    Id    681 

E.   M.   P BS 

f.  M.  F..  Alternating   316 
.    M.    F.    in    Alternatlng-Cur* 
rent   Circuit    333 

E.  M.  F.  In  Cbemlcal  Deconipo- 
Hltlon     Bl 

B.  M.  F.  the  Cause  of  Current     DD 

E.  M,  F.  and  Current,  Cause 
of   Form  of  Alternating 31B 

E.  M.   F.  and  Turr^nt  Curves.    318 

E.  M.  F.  and  Current  Curves, 
Allernatlng    320 

K,  M.  F.  and  Current  Curves, 
Drawing     321 

E.  M.  F.  and  Current,  Form 
of    Alternating    318 

E.  M.  F.  and  Current,  Prodoc- 
tlon    of    Alternating    318 

E.  M.  F.  and  Dlffereaee  of 
Potential     61 

E.  SI.  F.  Drop  Caleulallim, 
Eiample  of    82 

E.   M.   F.  and  Energy 58 

E.   M.    F.   Forward 173 

E.  M.  F.  by  Increaalng  Turns, 
IncreaBlng    221 

E.  M.  F.  Increasing,  by  Adding 
Armalure  Core    221 

E.  H.  F.  and  tbe  Static 
Charge    58 

E.  M.  F.,  Coimter.  See  Count- 
er E,  M.  F. 

B.    M.    F..    Production  of    B6 

E.   M.  F.  In  Thunder  Clouds..      S8 

B.  M,  v..  Variations  In  Im- 
pressed       216 

End  Cells  of  Stara^  Batter;.    164 

End  Motlcn  in  Armature  Shaft  4'J» 

Energy  Absorbed  In  Electro- 
platlnK    eSft 

Energy  In  Chemical  Decompo- 
sition           Bl 

Energy.  Conditions  (or  In. 
du3^ng    Electric    268 

Enercy      Due      to      HyBteroala, 

'-'»s  of 186 

l^ergy.   E.    M.    F.   and    5(1 

Energy  and  the  Field  of  Force  114 


IX.  747 

Energy  of  the  Field  of  Force, 

Potential     ITS 

Energy  and  the  Magnetic  ClT- 

Energy    Ralatlona    2119 

t^necgy,  Resistance  and   7" 

P.ngllsh   Rule   for   Charging...    151 

E.    P.   a.    Mattery    IMS 

Equallier    in    Three-Wire    Bya- 

lem.    Storage   Battery    nO 

Eoulvaleuts.     Atomic     Weights 

and  Chemical    80 

Equivalents,   Electro-Chemical,     SB 
Equivalent     of      Reactance     of      i 

Capacity.    Ohmii    337 

Equivalent  of  Reactance  of  In- 
ductance.   Otimlc    338 

Ether    and    Current     IflT 

Elber.    Lumlnlfecout    40 

Ether  Waves  Produced  by  Elec- 
tricity          50 

Evolution.   Gas    149 

ExcllBtl<m    of    Field    Colla   In 

Compound  Dynamos    260 

Eicltsilon   of    Shunt   Coll,   Ef- 
fect of  Independent    260 

Fjtcllatlon  of  Sbunt  Coll,  Sep- 
arate       261 

External    Resistance,    Internal 

and  871 

Factor.   Form    32B 

Factor    In    Alternatlng-Corrent 

Arc.  Power   G44 

Factor.    Power    330 

Factors    of    Magnetic    Circuit, 

Three    176^ 

F^tl  of  Potential.  Drop  and. .     79 

Faraday's  Law   212 

Paure'a    Battery     130 

Panre-Seilon-Volckmar  Battery, 

The    131 

Feeder   Connections,   Amlllary  495 

Feeder  Economy    4BB 

Feeders    483.  4B3 

Fiber    Suspension    606 

Field   Colls.    Heating  of 429 

Field  Colls  In  Compound  Dyna- 
mos.   t>:icltation   of    260 

Field   Density    172,  176.  268 

Field    DlBInrtlon     265 

Field  of  Force.  The   167 

Field  of  Force.  Building  up  the  ITS 
Field    of    Force    and    Lines    of 

Force  Due  to  Current 65 

Field   of   Force,    Detection   of 

the    174 

Field    of    Force.    Energy    and 

the 174 

Field  of  Force,  Iron  and  the.  ITS 

ilwttOT    \n     -,-  %i-  "^™^ 
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Field  of  Force,  Wtrying  ....  ^M 
Field  Magnets  of  Altemmton.  486 
Field    Magnet   for    Mnltlpolar 

Dynamos    SIO 

Field    Magnets,    Laminated...  814 

Field  Poles   222 

Field  Poles,  Action  of  on  Arm- 
ature Core 265 

Field,  The  Rotary.  ..868,  864,  866 

Field,  Stray   184 

Field,  Varying  Densities  of..  267 

Field  Winding,  Break  In 480 

Field  Winding  of  Dynamos, 

262,  815 
Field  Winding,  Short  Circuits 

fai   480 

Field,  Wrong  Polarity  of....  417 
Fields  of  Force  fai  Practice..  209 
Fields,    Windings    fcnr    Mnltlr 

polar    287 

Figore  of  Merit   622 

FUm   Cat-Oot    478 

Filament,   Occlnslon  oi  Gases 

by  Incandescent  Lamp   ....  525 

Filaments,    Metallic    580 

Filaments,    Oxide    580 

Filaments,    Squirted    524 

Filaments,  Tsmidine   528 

Filing,    Commutator    488 

Fishing  for   Bell   Wires 719 

Fiv«  and  Seven-Wire  Systems.  502 
Flashing     Incandescent     Lamp 

Filaments     524 

Flashing,    Lowering   of      eslst- 

ance   of   Incandescen;     ^amp 

Filaments   by    525 

Flashing.     Making     Joints     in 

Incandescent    I^amps    525 

Fleming's    Rule     212 

Floating  Storage  Battery..  166,  410 

Forbes'    Meter     514 

Force,  Cutting  Lines  of .  .209.  224 
Force    of    the    Electro-Magnet, 

Tractive     188 

Force,   Electromotive.      See  E. 

M.  F. 
Force.  The  Field  of,  etc.     See 

Field  of  Force. 
Force,   I^eakage   of  Lines  of . .   183 

Force.    Magnetic     176 

Force.    Memorla    Technlca    for 

Lines    of    171 

Force,  Relation  Betvreen  Amp- 

ere  Tnms  and  Lines  of 183 

Force,  SDvendlng  of  Lines  ot.  \^% 
Force.   Threading.   lnter\\n\LVii% 

and  Cutting  Lines  of •  ^^^ 

Force,  X^tiUtv  of  ConceptVon  ot 

„  Lines    of    \J^ 

Form    Factor ^^ 

Forming     Storage     BatteT\es.  •  ^^ 


FDrmala,   Mnltlpolar   Wtettiff  ^^ 

by    y Ho 

Formnlas,  *  Bipolar  Wladlaf . .  KT 
Formulas  f6r  Dmm  Amatne 

Wtndlni^   Ctoneral    Hi 

Forward  K  M.  F.,  Coaster  aad  lH 
Foncaalt  or  Eddy  CnrrtBta.       _ 

216,  sn,  tf 

Foncanlt*s  Photometer   813 

Frame,  Sliort  Clreolta  Datwsi   ^ 

Armatore  Wfaidliica  nd  ..  41 

Freqnency    U 

Freqnency,    Jjungth    of   Wave  ^, 

and »,v vv  •* 

Fnllor's       Mierainr*BicittWMte   ^ 

Battery   10 

Function  of  a  Storage  Batteiy  U 
Functions,  TrianiMmetrle  .•^«    I 

Fundamental   Note    n 

Furnaces,    Bitetrle    •••• TS 

Fuses,    SafMy    441*  41 

Fuses,  8afM7t  1ft  Can Hi 


Gahranle  Pile  t 

Qalvanomoter    IJ 

Oalvanometer,  Astatle   n 

Galvanometer,  BaUlstle    Q 

Galvanometer,  Constaat  of...  tl 
Galvanometer,  De|ir«»>D^ArBQa-  _ 

val    « 

Galvanometer,     Magneto     Bell 


as 


Galvanometer,  Reflecting.. 606.  6d| 
Galvanometer   Resistance   .  •  •  •  Q 

Galvanometer,    Shupts    Q 

Galvanometer,   Shunt  to  tlie..  g 

Galvanometer,    Simple     JJ) 

Galvanometer,    Sine    IH 

Galvanometer,  Suspension  Filter 

for    Jg 

Galvanometer,    Tangent    ^ 
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Plates.  Pasted   1.^ 

Plates,  Suspended 

Plating  Apparatus   

Plating   on   Molds    

Platinum-Plating    

PoggendorfTs  Battery,  Depols 

izlng   Mixtures    in    

PoggendorfTs  Battery,  Bxcltli 

Solutions    in    

"Po?wsw^«t«!%    "^-attery,     Mo^ 
^e«A\«vsa  i5\    V, 

VcAxv\^,  C,«tk\.xc^\<Kt* 

Vev\xv\^,  \iT\N\u^    

VoVcv\%,  "^cwV-t^X    


Polarity,  Lobs   of  Magnetic...  4 

Poiacilj,   Tests  for    4' 

~  I'olarUstloD   a(   Primary   Bat- 

,     ^S^t^nid".'.'.'.'.'.'.'. '.'.'.'.'.'.'. '.'.'.  1 

'      Polarized    Bell     fl 

'    Polarized  Bella  tor  Party  Lines  T 

i    .  Pole   Pieces,   Eddy   CurreotB'  in  2 
Pole    Single-Phase    Armature..  S 
t.    Poles,    Attraetloo    and    Kepul- 

:  slon     of    Magnetic     2' 

Poles.  DeTelopment  of  Field,.   2 
Poles  on   Each   Otber,   Action 

of  Magnet   1 

i     Poles,   Held    2 

f    Polyphase   Induction  Motors..  4 
'     Polyphase    Byncbconoua    Mot- 
ors    3 

Position  of  Anode  and  Cathode  6 
Positive  and  Negative  Carboas, 

535,  S 
Positive  and  Negative   PlBtea. , . 
PolBSBlum     Biehromate     Solu- 
tions     1 

Potential.    Advantages   ofHlgb  4 
Potential,  Analogies  of  Dcop  of 
Potential    Circuit,    Ace    Lamp 

on   Constant    li 

'    Potential  Circuit,   Constant    . . 

Potential,    Drop    ot    

Potential,  Drop  and  Pall  of.. 
Potential      Drop      In      Parallel 

Potential.  E.  'm.  F."  and  Ui'ile'r^ 
ence  of   

Potential  Energy  of  the  Field 
of   Force    1 

Potential    Methods.    Uniform..   4 

Potential    Regulator,    Altemat- 

''ibe".'.'.'.'.'.'.'.'.   e 
Current    Meas- 

1  the  a 

Hlgb  ■  Voltage 

Polentiometer.    Principle    of...   6 

I'ower  Calculations,  Examples 
of    

Power   Consumed   in  Arc 6 

Power  Curves   3 

power,  Electro-Magnetic  Tract- 
Power.  Examples  of   

Power   t'^clor    3 

I'ower    Factor    In    Alternating- 
Power    Ueciuired'for'Coofcing!   7 
Power.   Standards   of   Illumin- 
ating      6 

Powers  ot  Ten  or  Exponential 

I'racCltal  I'Toceaeea    fl 


PreparatloDB    for    Silver-Plat 
Ing    

Preparing       Storage       Batter; 

Eflectroiyte   

PreaervatloQ  ot  Magaets 

Pressure.    Brusb     

Pressure  Lines  or  Pilot  Wires 
Prevention   of   Sulphatlng.  ■ . 

Primary    Battery,   The 

Primary     Battery,     Amalgam  a 


L    In 


Primacy  Battery,  Local  A 


Primary    Battery,    Nomenclat- 

Prlmary  Battery,  Parts  of   . . 
Primary    Battery,    Polarization 

AitVriiatlnB'B. 


roduction     of      Bleclromotlve 

Prouy   Brake,  The    J 

Proportional    Colls    ft 

I'roportlon    ot     Hydrogen     to 

Oxygen     > 

Protectors,    LlRhtning    PI' 

Pump.   The    Mercury  Air    5! 

Puplllftry  Pliotometer   B' 

Quadrafnre  and  OpposltlOD...  3! 

Quality  of  Arc  Llgfit    6! 

Quality  of  Carbons   B: 

yualltlcs   of   a   Circuit    3; 

Quantity  of  Electricity,  Mean- 
Quantity    of '  Elect  clcityV  The 

Storage   of    

Quantity,  Electric 

quantity.    Unit   of    

QuaDtities.      Multiplication     of 


Racing    1 

Itadlan     System     of     Angular 

Badlatoc,    Electric'"!!.'!!"!   7 

Iladlguet  Battery    1 


Itafe  of  Cbange,  Uraphlc   Kep- 

cesentaClon   of    

Kate   Units,    Current   and 
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1',,  Coir". 

■■««*ctanc6  or  lnfluct»iim..335, 
[iBesutance    In    Sniidlvlded   Con- 

h      dnctor,    luductBDce     3^il 

r  &eactlcRi    DlBgramB,    Armature  2Q6 

I  Becelver,    Tbe    Telephone 883 

I    >> — ...gp^  g  Dynamo,  Telephone  212 


1  Beeeii 

[  SeceiTer;    "princliire"    at'   TOe- 
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I   beceivera.        Ilj-slerFHls        and 

*■        Other  Wirplesa  'Pelestavbjf . .  7'. 

I    Becelving    Apparans    T. 

^  Sectlfler.   The    31 

f  BeflectlDg-  GalTunomcter   ..006-81 

I  Begeneratlan    1: 

"i 'Begnlation    of   Voltage,    Auto- 


LBegulatlon  of  Current  to.  Else- 
I    Begu^tor,        Alteraatlog- Cur- 


and   Relui'tlTlt]'... 


L .  of    Magnetic    Poles, 


KeBldual    Magnetism    

BeaUtance    of  Arc    Propec. 


iefliatance,    Clrc 


.1  in  Are  Lamp . 


BealatBDce   ColU 
BeslBtuDce    Colls,    Modern 
rangement 


Ib,       Practical 

631 

peaaatlng    . . .   6in 


Ih^B.'  'l 


Besletance,    Hot . 

Eeslfitanee.  Inductahre  and  Ca- 
pacity.  CompoBltlon  at 

Rfslfltance,    InternaV  8.ua  'Ct 

Ren^atance'  i^aiage"."  '-Wei^we- 


ice.  Voltmeter  _ 
lieterminaClint  < 


Reyolrlng    Field,    B«tar] 


.  Drop  and  Countel 


.rmature,  Mouiifl 
._„  _rinfltur(!,  Mult^ 
Ing  Armature,  Opelk 
Pour-Part   


ore.    Permeance  ( 

lag  Otllng    

log.  The    Grnrame    . 
Inga.   Collecting  or   S 


fiestatance,    8V'"^i?,^« 


I   Tjpe   of    DanleirH   Bftt- 

ESandpaperEng  Commutator....   4 

HaturatlOD  of  Iron 1T5,  ^ 

Saw-Ti»tti  Arrester,   Comb  or.   C 

'Bcale,  Tranalnceat,  GalTanome- 

ter   4 

Scales,  Graduation  ol  Volt- 
meter        4 

Bcreen,   Tlie  Lummer-Brodliun ,    I 

SereeDB.    rhotometric    E 

Sediment  In  Storage  Batteries  1 
'Senalbtllly.    Kegulatlon    ol.    Id 

BeDsltiveDees.  Conditions  of  In 
Galvanometer    fi 

Self-Bicited  Dynamoa,  Sepa- 
ratelj-    and    2 

Self-ReKUlatioD   of    Compound- 

Self-'stBrtlng  "siDlte-Phase  'McA 

Separately-Excited     Gmeratora 
261-2 

Series    

Series    Arc    Lamps,    Coostant- 

Beriea  or  Constaat-Current  Sys- 
tem for  Arc  Lamps,  Featnreg 

SerleB  DlBtribatlon' '.'.'.'.'.'.'.'.'.'.  t 
Series     Distribution,     Cnlcuta- 

Serles  DlBtribu'tioii,'i<imitatIons 

■    ot i 

Series  Distribution,  Objections 

Series  Incandeaeeat  LlEbtlng. .  4 
Series    Incandeacent    Llgbtlng 

"Municipal"    i 

Series  Llglitlng  Cnrrent.  Stan- 
Series- Multiple  ".'.'.'.'.'.'.'.'.'.'.'.'. 

Series-Multiple  Syslem 4 

Series  and   Parallel 

Beriea-Parallel   Controller    5 

Berlee,  Stumt-Wound  Macbinea 

Series  Telephone' Circuit '.'.'.'.'.'.  6 
Setlts  Winding,  Action  of....   2 

Series  Winding  ot  Dynamos , . .  2 
Service,  Potting  Lamp  Into...  Q 
Service,  Taking  Storage  Battery 

Seven-Wire   Systems.   Five  and  5 

Bliadow  PHotometer   5 

Shaft,    Gad    Motion    In    Arma- 

ShallenberBe'r-B  'Meter  ".'.'.'.'.'.'.  5 
Shock.  Treatment  of  Electric. .  4 
BbeU    or    Jacliet    Type    Trans- 

tormen   373,  % 


at.  . 
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Short-circuiting  of  Single  Cell 

Short  Circuits    Kb,  1 

Short  ClrcullB  In  Armature...   4 
Short  Circuits   between   Arma- 
ture Windings  and  Frame.  .  4 
Short  Circuits   in  Field   Wind- 
ing      i 

Short  Circuits  In  Outer  Circuit  4 
Short  Circuits  In  Transformers  4 
Sbort-Sbunt   Compound   Wind- 
ing      2 

Short-Sbunt     and     Long-Shnnt 

Windings.  Action   of 2 

Shunt    Coll,    IlleconDectlng   or 

Opening    2 

Shunt  Coll.   Effect  of  Indepen- 
dent Excitation  of 2 

Shunt    Coll,    Separate    Kxclta- 

tlon  of    2 

Sbunt  to  the  Galvanometer...    e 

Shunt,  Galvanometer   G 

fjhunt  Dynamo,  Total  Cbarac- 

terlatlc    Curve   of 2 

Sbunt  Dynamo,   Total   Current 
Cbaractcrlstlc    Curve   In 2 

pUng   of    i 

Shunt  Winding.  Action  of 2 

Shunt  Winding  of  Dynamos..  2 
Shunted^  Ammeter    4 

Point  of  '. 2 

Shunt-Watmd  Dynamo  Cbarac- 

terlc    Curves    2 

Shunt-Wound  Machbies  hi    Se- 
ries       4 

Slemena's    Dynamometer    ....   8 
Biemens's    Plan   for   Beslstance 

Signal    Bystem.    Lamp 7 

Signals,   Emergency   and  Dan- 

Slgnals'tbr'ftirty   Line's, 'Har- 
monic        Ti 

Signals.  Wave  TraDBmlsslon  of  7. 

Silver. Plating    8' 

Bllver-Plaling,   Preparation  for  81 

Silver  Toltameter  

Simple  Batteries ! 

Bine-Curve.   The    3: 

Sine-Curve,  Vector  Diagram,  of  S: 
Bine     Galvanometer,     or     Com- 

PHBB,  The   e 

Single    Cells,     Short-Clrculting 

Single  -  Dynamo      'Three  -  Wire 

System    4! 

SInsle-Phase  Armature    3 

Single-FUaae  Armature.  Pole..   3, 
Single-Pbase  Motor.  Se: 
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Single  Surface  Condenser 45 

Single  Touch,  Malting  Magnets 

by    195 

Siphon  Battery,  Baudet 107 

Six-Wire  Connection  of  Three- 

Phase  Alternator  Winding. .   359 
Size  of  Conductors  for  Plating  669 

Slip  Rings,  Collecting  or 219 

Slow  Speed  without  Load. . . .  418 

Smee's  Battery   103 

Smoothing  Commutator 433 

Soldering    441,  721 

Soldering  Iron,  The  Eilectric . .   728 
Solenoid  Ammeters,  Total-Cur- 
rent      467 

Solid   Back   Transmitter,   The.   683 
Solutions    in    Poggendorff   Bat- 
tery, Exciting   109 

Solutions,     Potassium     Bichro- 
mate       110 

Sound    677 

Sounding  Plate   677 

Sparking,  Air  Gap  and 310 

Sparking  of  Commutator 424 

Specific  Inductive  Capacity. ...     48 
Speed   Control,   Crocker- Wheel- 
er     414 

Speed  of  a  Current 54 

Speed  without  Load,  Slow. . . .   418 
Speed     Regulation     of     Motor 

without   Load    418 

Spherical  Candle  Power 574 

Spindle  or  II  Armature 222 

Spiral    Electro-Magnet   189 

Spreading  of  Lines  of  Force..    188 

Spring    Jacks    710 

Squirted  Filaments 524 

Standard  English  Candle,  The.  567 
Standard  Series  Lighting  Cur- 
rent       477 

Standard    Voltage    and    Allow- 
able Temperature    584 

Standards       of       Illuminating 

Power    563,  570 

Stanley     Hot-Wire    Voltmeter, 

The    466 

State,  Stationary    543 

Static  Charge,  E.M.F.  and  the     58 
Static      Electricity,      Dynamic 

and    56 

Stations.  Connection  of.  .^  . . .   734 
Stator,  Local  Heating  of  Wind- 

ings  of |g5 

Stator,  Rotor  and. rfOi> 

Star  Connection,  Y  or.......   3j)9 

Starting  Box    397,  .^08 

Starting  Compensator    ...   368 

Starting    a    Dynamo 427,  4-8 

Starting  Motors    •^•J^ 

Starting  Resistances    •..•••••   'XaI 
Starting  and   Stopnlng  Motors  ^AH 


Starting  Torque 


^e>1 


Start,  Refusal  of  Motor  10.411,  ^^H 
Steel  in   Dynamos,   Soft ^^^ 


Steel  for  Magnets 197 

Steeling    669 

Step-Down  Transformers,  Step- 
Up  and 378 

Step-Down  and  Step-Up  Trans- 
formation        400 

Step,   Alternators  in 405 

Stone's  Common   Battery    Sys- 
tem       698 

Stop   Adjustment,  Clutch 560 

Stop,  Emergency 600 

Stopping  Motors,  Starting  and, 

416,  418 
Storage  Battery,  Action  of  a . .  125 
Storage   Battery,   American . . .    134 

Storage  Battery  Cells 161 

Storage  Battery,  The  Charge  of  145 
Storage  Battery,  Charging. . .  .  166 
Storage    Battery    Connections, 

Booster  and 410 

Storage    Battery    Connections, 

Making   161 

Storage  Battery,  Determination 

of  Discharge  of : 145 

Storage  Battery,  Disintegration 

of 153 

Storage  Battery,  Edison's 140 

Storage  Battery,  End  Cells  of.  164 
Storage    Battery    Equalizer    in 

Three- Wire  Systems 501 

Storage  Battery,   Floating 166 

Storage  Battery,  Function  of  a  128 

Storage  Battery,  Gould 132 

Storage  Battery  on  Open  Cir- 
cuit, Discharge  of 144 

Storage  Battery,  Overcharge  of  151 
Storage  Battery,  Requirements 

of  a 128 

Storage  Battery,  Setting  Up  a.  153 
Storage  Battery,  Specific  Grav- 
ity Variation   of  Electrolyte 

in    146 

Storage     Battery,      Suspended 

Plates  in    138 

Storage  Battery,  Taking  out  of 

Service    160 

Storage  Batteries,  Chemical  Ac- 
tion of 131 

Storage  Batteries,  Copper 139 

Storage     Batteries,     The     Dis- 
charge of   144 

Storage  Batteries,   Forming.  .  .   129 
Storage     Batteries,     Manufac- 
turer's  Data   with 144 

Storage  Batteries,   Notes   on.  .   163 
Storage    Batteries,    Resistance 

of    132 

Storage  Batteries,  Sediment  in  153 
Storage     Batteries     In     Three- 
Wlve  ^^9.t«vci    600 
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Storage  Capacity   

Storage  of  Electric  Quantity. 

Storage  of  Quantity  of  Elec- 
tricity, Tlie   

Stray  Field    

Strength  and  Chemical  Decom- 
position,  Current    

Strength,  Current 

Striking   the   Arc 

Subdivided  Conductor,  Induct- 
ance Reactance  in   

Subscribers'    Pole    Connection . 

Sulphating,    Prevention   of 

Sulphuric  and  Nitric  Acid  De- 
polarizers     

Summary  of  Electro-Chemistry 

Summation  of  Alternating 
Quantities    

Sun   Lamp,   The 

Switchboard 

Switchboard   Connections    

Switchboard,    The    Multiple... 

Switchboard,  Operation  of.... 

Switchboard  Panels   

Switch  Boxes  and  Circuit 
Breaker  on  Car 

Switches,   Air    

Switches,  Circuit  Breakers  as. 

Switches,   Oil   

System,  Anti-Parallel 

System  for  Arc  Lamps,  Fea- 
tures of  Series  or  Constant- 
Current   

System,  Closet 

System,  Common  Battery . .  697 

System,  Constant-Current 

System,   Constant-Potential    . . 

System,  Degree  

System,    Five-and    Seven-Wire . 

System,    High-Voltage    Parallel 

System,   I^mp    Signal 

System,  Loop 

System,   Multiple-Series   

System,  Neutral  Wire  In  Y. . .  . 

System,   Parallel-Circuit    

System,  Potential  Drop  in  Par- 
allel    

System,    Rotary    Converter    in 

System,   Series-Multiple   

System,  Single-Dynamo  Three- 
Wire    

System,  Storage  Battery  Equal- 
izer  in   Three-Wire .500, 

System,  Telephone    

System,  Three- Wire    

System,   Tree ; 

System,  Two-Dynamo  Three- 
Wire    

Synchronous  Motors, 

369,  373,  405, 


130 
41 

47 
184 

90 

53 

535 

336 
717 
151 

110 
90 

342 
562 
445 
712 
706 
708 
445 

590 
447 
454 
447 

488 


475 
484 
698 
472 
473 
321 
502 
503 
713 
483 
478 
362 
554 

482 

393 
479 

499 

501 
692 
497 

484 

499 
436 


Table,    Traction    H.SS 

Tables,    ^'indlng 2',\\S 


Tamidine  Filaments 523 

Tangent  Galvanometer,  The...  615 

Tangential  Brushes    306 

Telegraphy,  Wireless   733 

Telephone  Circuit,  Bridged 696 

Telephone  Circuit,  Series 695 

Telephone,  Edison's   682 

Telephone      as     Galvanoscope, 

The    653 

Telephone  Induction  Coil,  The.  684 
Telephone   Induction   Coil,    Di- 
mensions of 686 

Telephone   Induction   Coil,    Ef- 
fect of    688 

Telephone,    Induction   Coils   in 

Bracket   688 

Telephone,   Magneto,  The 689 

Telephone  Receiver  a  Dynamo.   212 
Telephone    Receiver,    Principle 

of   678 

Telephone    Systems    692 

Telephone  Transmitter,  The...   679 
Temperature  of  Commutator  . .   419 
Temperature  of  Dynamo  or  Mo- 
tor        439 

Temperature  of  Plating  Baths  671 
Temperature,     Standard    Volt- 
age and  Allowable   584 

Terminology  of  Analytical  Ge- 
ometry       278 

Terrestrial      Magnetism,      Am- 
pere's Theory  of 201 

Test    for    Cross     Connections, 

Hand  Magneto    658 

Test   For   Ground,   Hand  Mag- 
neto    657 

Test,   Rail-Joint    644 

Test   of   Resistance,   Voltmeter 

and  Ammeter    642 

Test,  Varley   Loop 650 

Tests  of  Cable  on  Reels 652 

Tests,  Engineering   658 

Tests,  Galvanoscope  Cable  and 

Line     650 

Tests,    Hand   Magneto 656 

Tests,  Impurities  In  Electrolyte 

and    155 

Tests,  Line  Insulation 643 

Tests,  Line  Resistance 643 

Tests,  Polarity    404 

Theory     of     Magnetism,     Am- 
pere's       200 

Theory  of  Terrestrial  Magnet- 
ism, Ampere's   201 

Thomson    or    Kelvin    Absolute 

Electrometer    617 

Thomson    or    Kelvin    Galvano- 
meter        609 

Thomson's  Meter    515 

Threading,      Interlinking     and 

Cutting  Lines  of  ^''orce 205 

Three-Brush   Dynamo 499 

Three-PUase    Alternator    Wlud- 
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Three-Phase  Current   347 

Three-Phase   Induction  Motor.   3()5 

Three-Phase  Winding 358 

Three-Wire  System : 497 

Three-Wire     System,     Neutral 

Wire  in 497-499 

Three-Wire      System,      Rotary 

Converter    in    393 

Three  -  Wire     System,     Single- 
Dynamo    499 

Three-Wire      System,      Storage 

Batteries  in   500 

Three-Wire     System,      Storage 

Battery  Equalizer  in 501 

Three-Wire  System,  Two-Dyna- 
mo       499 

(Thunder  Clouds,  Electromotive 

Force  In 58 

Tin  Plating 668 

Torque    36 

Torque,    Direct-Current    Motor 

and    285 

Torque,  Starting 367 

Total-Current  Solenoid  Amme- 
ter    467 

Traction  Table    588 

Tractive  Force  of  the  Blectro- 

Magnet    188 

Tractive    Power,    Electro-Mag- 
netic       192 

Transfer  Bus-Bar   495 

Transformation,  Ratio  of 379 

Transformation,  Step-Down 

and   Step-Up    400 

Transformations,  Algebraic...  18 
Transformer,  Action  of  the...  383 
Action  of  Motor.  400 

Ammeter    470 

The     Auto- 381 

Choking   of 376 

Construction,   Ba- 

375 

Construction     of 


Transformer, 
Transformer, 
Transformer, 
Transformer, 
Transformer 
sis  of  ... 
Transformer, 


Rotary     391 

Transformer,  The  Limitation  of 

a 377 

Transformer,  Motor    400 

Transformer,  Object  of 376 

Transformer   l*ractice.   Motor..   401 
Transformer,      The      Principle 

of  a 377 

Transformer.  Relations  of  Volt- 
age and  Current  In   Rotary 


302 
301 
437 
437 


Transformer,    T^se  of   Rotary.. 
Transformers,    Breakdowns    In. 

Transformers,    Care    of 

Transformers,      Constant  -  Cur- 

rent     '^^7 

TranF-formers,   Core    ■s^^^ 

Trans formerfi,  Disk  Winding  ot  ^^1 
Transformerfi,    Dlsk-W' ound. .  .  .   '.WC) 
Transformers,  Economy  of  "NIo- 
tor ^^l\ 


Tranaformera,   Heat   in 


Transformers,  Individual  . « . .  503 
Transformers,  Inspection  of. . .  438 
Transformers,  Insulation  for..  300 
Transformers,  Moisture    in. . . .  488 

Transformers,  Oil  for   389 

Transformers,  Oil  for  Filling.  437 
Transformers,  Operation  of  . .  306 
Tran8form€rs,   Shell   or  Jaclcet 

Type     378,  379 

Transformers,      Step-Up      and 

Step-Down    378 

Transformers,     Short    Circuits 

in 438 

Translucent  Scale  for  Galvano- 
meter     600 

Transmission  of  Signals,  Wave  731 

Transmitter,   The   Blake 680 

Transmitter,   Hunning    682 

Transmitter,  Loose  Carbon ...  681 
Transmitter,  The  Solid  Back.  683 
Transmitter,   The  Telephone. .  679 

Transmitting  Apparatus   733 

Tree  System    484 

Trigonometric  FVinctions 33 

Tripping  Platform 549 

Troubles,    Motor 600 

Tudor  Battery 138 

Turns,   Action  of   Demagnetiz- 
ing   7 269 

Turns,  Ampere    176 

Turns  of  a  Circuit  and  Induct- 
ance     334 

Turns,  Dead     270 

Turns,   Demagnetizing    268 

Turns,    Increasing    E.M.F.    by 

Increasing    221 

Turns  and  Lines  of  Force,  Re- 
lation   between    Ampere 183 

Twelve  -   Conductor        Bipolar 

Armature    235 

Two-Dynamo    Three-Wire    Sys- 
tem     499 

Two-Phase   Current    34«! 

Two-Phase  Operation 436 

Two-Phase  Windings   35" 

U-Shaped   Electro-Magnets 189 

TT-Shaped  Magnets,  Making.  . .  19(5 
TTnderload  Circuit   Breaker. 44S-4.'3 

T^niform   Potential   Methods...  492 

T'nit  of  Quantity    4^) 

T'nits,   Current   and   Rate •'<• 

Useful  Constants 35 

Vacuum    527.  52? 

Values,    Average    327-3:'S 

Values,   Effective    328-3.10 

Varley    Loop    Test rt.Vt 

N^x^vti?,  YV^\d  of  Force 2(»i 

N^Q\OT  V>\eL?>x«L\sv  Q^  '^Vsife  QA\vve  325 
Xo\q.^,  ^^v^  ^\wsvk».    <Sv^ 
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Voltage,  AutomBtlc  Regulation 

VoLtage,    Changing    4 

Voltage   (.'alcuraiiuiiB    

Voltage  and  Current  In  Rotar; 
Tranaformera.    RelatiODH   at.   3 

Voltage   Drop    5 

Voltage  Drop  and  An  Lengt))  i> 
VciliaHes  of  IjaaipB,  IndlTldual  4 

Voltaic  Are,   The 5 
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Applet  on'*  Cyclopaedia  of  Applied  Mechanics. 

A  dictionary  of  mechanical  engrineeringr  and  the  mechanical 
arts,  fully  describings  and  illustratingr  upwards  of  ten  thousand 
subjects,  includinsr  ag^rlcultural  machinery,  wood,  metal,  stone, 
and  leather  workings;  mininsr»  hydraulic,  railway,  marine,  and 
military  engrineeringr;  workings  in  cotton,  wool,  and  paper;  steam, 
air,  and  gras  eng^ines,  and  other  motors;  ligrhtingr,  heatinsT*  and 
ventilation;  electrical,  teleg^raphic,  optical,  horologrical,  calculat- 
ingr>   and  other  instruments,   etc. 

A  magrnificent  set  in  three  volumes,  handsomely  bound  in  half 
morocco,  each  volume  containingr  over  900  larg^e  octavo  pasres, 
with  nearly  8,000  engrravingrs,  including:  diagrrammatic  and  sec- 
tional drawings,  with  full  explanatory  details.     Price,  |i2.00. 

ASKINSON.     Perfames  and  Their  Preparation. 

Containing  complete  directions  for  making  handkerchief  per- 
fumes,   smelling    salts,    sachets,    fumigating    pastils;    preparations 
for  the  care  of  the  skin,  the  mouth,  the  hair;  cosmetics,  hair  dyes, 
nd    other    toilet    articles.       300    pages.       32     illustrations.       8vo. 
loth,  $3.00. 
lARR.    Combustion  of  Coal  and  the  Prevention  of  Smoke. 

A  practical  treatise  for  all  interested  in  fuel  economy  and 
he  suppression  of  smoke  from  stationary  steam-boiler  furnaces 
.nd  from  locomotives.  85  illustrations.  12mo.  349  pages. 
Jloth,  $1.50. 

lAUBR.  Marine  Bnglnefl  and  Boiler*,  Their  Deslffn  and  Con- 
struction. ,  ^  ^ 
A  complete  treatise  indispensable  for  naval  constructors  and 
engineers  containing  744  pages  with  535  detailed  illustrations. 
The  work  is  divided  into  eight  parts  as  follows:  Part  I.— -The 
Main  Engine;  II.— Pumps;  III. — Shafting.  Resistance  of  .'ships. 
Propellers;  IV.— Pipes  and  Connections;  V^— Steam  Boilers;  VI.— 
Measuring  Instruments;  VII.— Various  Details;  VIIL— Various 
Tables. — Appendix.  Price,  $9.00  net. 
BY  Ar'KAliIj.     Air-Brake  Catechism. 

This  book  is  a  complete  study  of  the  air-brake  equipment, 
including  the  latest  devices  and  inventions  used.  All  Parts  of  the 
PJS^kI  their  trou^^^^ 
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BLACKA1,L.     Nen  York  Alr-Urake  CatecUlam. 

A  complete  treatise  on  the  New  York  Alr-Brake  and  Air  SIk- 
nalllng  Apparatus,  slvlns  a  detailed   description  of   all  ttie   parts, 
Iheir  operation,  troubles,  and  the  methods  of  locating  and  remedy- 
Ins  the  same.     20O  pageB,  fully  illuatratea     (1.2a. 
BOOTH  AND  KERSHAW.     Smoke  FrcTentlon  and  Pmel  Beonomy. 

A  complete  treatise  for  all  interested  in  smoke  prevention 
and  combustion.  Mr.  Booth  was  formerly  of  the  Manchester 
Steam  Users'  Association,  Is  a  well  known  writer  upon  technical 
subjects,  and  his  associate  Is  a  practical  chemist.  The  co-opera- 
tion of  the  authors  has  been  very  successful  and  the  prlndplea 
ot  fuel  combustion  and  the  means  by  which  the  practloa  is  con- 
ducted are  briefly  but  adequately  discussed.  The  physical  and 
chemical  conditions  involved  are  given  due  consideration  and 
there  are  descriptions  of  American  and  BngiisU  appliances,  me- 
chanical stokers,  etc.  191  pages.  T5  illustrations.  Price,  12.60. 
Boolb  Slenm  Pipes,  Their  DmIku  and  CDDntmctlon, 

A  treatise  on  the  principles  ot  steam  conveyance  and  means 
and  materials  employed  in  practice,  to  secure  economy,  efficiency 
and  safety.  A  book  which  should  be  in  the  hands  of  every  steam 
fitter  and  user  of  steam;  cqfitains  17T  pages  on  the  use  of  steam 
for  power  and  other  purposes.  Price,  J2.00. 
BUCHBTTI.     E^bIbc  Teats  and  Boiler  Kfflolenclea. 

This  work  fully  describes  and  lUuatrateH  the  method  of  test- 
ing the  power  of  steam  engines,  turbine  and  explosive  motors. 
The  properties  of  steam  and  the  evaporative  power  of  fuels. 
Combustion  of  fuel  and  chimney  draft;  with  formulas  explained 
and  practically  computed.  2^5  pages;  179  illustrations.  13.00. 
COCKIN.     Practical  Coal  Mlalnx. 

An  important  work,  complete  with  practical  details,  which 
will  intuitively  Impart  to  the  reader  not  only  a  general  knowledge 
of  the  principles  of  coal  mining,  but  also  considerable  Insight  into 
allied  sub5e:ts,  including  chemistry,  mechanics,  steam  and  steam 
engines  and  electricity.  iZS  pugea.  213  illustrations.  Price,  JS.EO. 
POn^Ein-     Locomottve  Breakdowna  and  Tbelr  Remedlea. 

This  work  treats  in  full  all  kinds  of  accidents  that  are  likely 
to  happen  to  locomotive  engines  while  on  the  road.  The  various 
parts  of  the  locomotives  are  discussed,  and  every  accident  that 
can  possibly  happen,  with  the  remedy  to  be  applied,  is  given.  ZBO 
pages,  fully  illustrated.  {l.BO. 
FOWLKR.     Boiler  Room  Chart. 

An    educational    chart    showing    in    isometric    perspective    the 
mechanisms  belonging  In  a  modern  holler  room.     The  chart  serves 
as   a  dictionary  of  the  boiler-room,   the   names  of  more   than  two 
hundred  parts  being  referred  to.     25   cents. 
GRIHSHAW.      Saw  Flllag  and  Management  of  Baira. 

A  practical  handbook  on  filing,  gumming,   swaging,   hammer- 
ing, and  the  brazing  of  hand  saws,  the  speed,  work  and  power  to 
run  circular  saws.  etc.      Fully  Illustrated.      Cloth,  11.00. 
CRIMSHAVf.     "Shop  KlnkM." 

This  book  is  entirely  different  from  any  other  on  machine- 
shop  practice.  It  is  not  descriptive  of  universal  or  common  shop 
usage,  but  shows  special  ways  ot  doing  work  better,  more 
cheaply  and  more  rapidly  than  usual,  as  done  In  fltty  or  more 
leading  shops  in  Europe  and  America.  Some  of  Its  over  BOO  Items 
and   SSS   JiluatraUona   are   contnbute4   toeiU^   tot   ^m.  -tt-Mtt.*  \!.h 
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eminent  constructors;  the  rest  liave  been  gathered  by  the  author 
In  his  thirty  years'  travel  and  experlenee.  Fourth  edition. 
Nearly  400  pases.     Cloth,  $2.50. 

GRIM  SHA'W*     BSaslBe  Riuuier%  CmimtMumm 

The    questions    asked    throughout    the    oateohlsm    are   plain 
and  to  the  point,  and  the  answers  are  couched  In  eueh  simple 
and  homely  langruagre  as  to  be  readily  understood  by  the  Teriest 
dullard.    All  the  instructions  given  are  complete  and  up  to  date; 
and  they  are  written  in  a  popular  style,  without  any  teonnicalitles 
or  mathematical  formulae.     The  work  is  of  a  handy  eiae  for  the 
pocket,    clearly   and   well   printed,    nicely   bound,    and    profusely 
Illustrated.     To  youngr  engrineers  this  catechism  will  be  of  great 
value,  especially  to  those  who  may  be  preparing  to  go  forward    i 
to  be  examined  for  certificates  of  competency;'  and  to  engineers    i 
generally  it  will  be  of  no  little  service,  as  they  will  find  In  this 
volume  more  really  practical  and  useful  information  than  Is  to 
be  found  anywhere  else  within  a  like  compass.     Tells  how  to    j 
erect,  adjust  and  run  the  principal  steam  engines  In  the  United 
States.    Sixth  edition.    886  pages.    Fully  Illustrated.    Cloth.  IX.OO. 

GBnuaUAW,     steam  Baglae  GateeUsat* 

This  unique  volume  is  not  only  a  catechism  on  the  ovestUm 
and  answer  principle;  but  It  contains^ formulas  and  worked  out 
answers  for  all  the  steam  problems  that  appertain  to  tlie  opera- 
tion and  management  of  the  steam  engine.  Illustrations  of 
various  valves  and  valve  gear  with  their  principles  of  operation 
are  given.  Thirty-four  tables  that  are  Indispensable  to  every 
engineer  and  fireman  that  wishes  to  be  progrressive  and  Is  am- 
bitious to  become  master  of  his  calling  are  within  its  pagea 
It  is  a  most  valuable  instructor  in  the  service  of  steam  engineer- 
ing. Leading  engineers  have  recommended  it  as  a  valuable 
educator  for  the  beginner  as  well  as  a  reference  book  for  the 
engineer.  It  is  thoroughly  indexed  for  every  detail.  Contains 
nearly  1,000  questions  with  their  answers,  mainly  intended  for 
young  engineers  and  for  examination  questions.  Fourteentii  edi- 
tion.    413   pages.     Fully   illustrated.      12.00. 

GRIMSHATT.     liocomotlve  Catechism. 

This  is  a  veritable  encyclopaedia  of  the  locomotive,  Is  entirely 
free  from  mathematics,  and  thoroughly  up-to-date.  It  contains 
1,600  questions  with  their  answers.  Twenty-fourth  edition, 
greatly  enlarged.  Nearly  450  pages,  over  200  illustrations,  and 
12  large  foldin^r  plates.     Cloth,  $2.00. 

HISCOX.     Gas,  Gasoline  and  Oil  Bngrlnes. 

Every  user  of  a  gas  engine  needs  this  book.  Simple,  In- 
structive and  the  only  complete  work  on  this  important  subject 
Tells  all  about  the  running  and  management  of  gas  engines.  Full 
of  general  information  about  the  new  and  popular  motive  power, 
its  economy  and.  ease  of  management.  Also  chapters  on  horseless 
vehicles,  electric  lighting,  marine  propulsion,  etc.  412  pages. 
Illustrated  with  312  handsome  engravings.  Twelfth  edition,  re- 
vised and  enlarged.     $2.50. 

HISCOX.     Compressed  Air  In  All  Its  Applications. 

The  most  comprehensive  book  on  the  subject,  showing  differ- 
ent types  of  compressors  as  well  as  tools  driven  by  compressed 
air.     Contains  a  vast  amount  of  general  information.     545   iUus- 
tratJons.     820  pages.     Price,  cloth,  >^.QQ\  \i«Al  morocco,  $6.50. 
HISCOX.    Honelemt  Vehicles,  Automolj\\em  wA^«A«j^^jfiU^ 

^,      The  make-up  and  management  ol  ^^\J*^SSS.^\iV^^^  m^« 
^'nds  are  treated.    A  complete  Uat  ot  XYi^  fi.^aX.omQ^vx'*^  ^-aa.  mwst 
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HISCOX.     Dlvcliaiilcal  Movementia,  Ponera  and  DcTlces. 

A     work    on     Illustrated     mechanics,     mechanical     movemonta, 
powers  and  devices,  covering  nearly  the  whole  range  ot  the  prac- 
tical and  inventive  field,  for  the  use  o(  raeohanicH.  Inventors,  en-   ' 
glneers,    drauKhtamen    and    all    others    Interested    In    any    way    In     , 
mechanics.      Large    8vo.      Over     4O0    pages.      1,800     specially    made 
Illustrations,  with  descrlptivo  text.     Tenth  edition.     ts.OD. 

HISCOX.      Hecliaiilcal    AppIlsBces,    Mecbamlcal    MovemeDtB    Rod 
Novell  lea  of  CooHtnictlon. 

A  complete  and   supplementary  volume  to   the  author's  work, 

. — ^__,  — .    .. 5nt3,    Powers     and     Devices."      Contains     1,000 

nd    complex    combinntlnnu    In    mpphnnli-s!    rnn. 
I    fully   described    I 

■  Manual!  Hon  to  Makr 

■)  a  book   -     ■        • 

Cloth. 
KRACSS,     Linear  Fenpecltvr  Self-Taaghf. 

The  underlying  principle  by  which  objects  may  \ 
represented  In  perspective  is  clearly  sot  forth  In  this  b 
thing   relating  to   the   subject  Is  shown   In    viilinhlp   rili 
companied  by  Cull  explanations  In  the  tes 
LB  VAW.  Safely  Valvejii  Tbeir  HiKtnry,  I 

Illustrated  by  tS  enKravlngn.      151  pages.      tl.&O.  I 

LB^WIS     AND     BRAMe;,       LaboFatory     Note     Book     tor     Chemical       { 
Students. 

This  volume  contains  Instructions  tor  the  laboratory  prepara- 
tion   of    gases,    the    examination    of    simple    s^ts,    the    reaction    Ot      j 
metals   and   acid   radicals,   and   Includes   a   number   of   eiperlmenU      i. 
In   quantitative   analysis.      Price,    J1.60.  L 

HATMOT.     Gaa  EJnglnc*  and  Prodncep  Oaa  rinnta.  I 

A  Guide   for  the  Gas   Gngine   Designer,   User  and  EngineBT  In      ] 
the    construction,    selection,    purchase,    installation,    operation    and      1 

Recognizing  the  need  of  a  volume  that  would  assist  the  gaa     '. 
engine    user    in   understanding   thoroughly    the   motor    upon   which 
he  depends  for  power,  the  author  has  discussed  hia  subject  with-      , 
out  the  help  of  any  mathematics  and  without  elaborate  theoretical 
explanations.      Every   part   of   the   gas   engine   is   described   in   da- 
tall,    tersely,    clearly,    with    a    thorough    understanding    of   the   re- 
quirements  of    the     mechanic.      Helpful    suggestions   as   to    the 
purchase  of  an  engine.  Its  installation,  care  and  operation,  form  a 
most  valuable  feature  of  the  work.     Fully  Illustrated.     t2.ED. 
PAHSELL  AXD  VraiElD.     Gai  Bnglne  Conatrnetlvn. 

A   practical    treatise    deacrlblng    the    theory    and    principles   of 
the    action   of   gas   engines   of   various   types,   and   the    design   and 
construction  or  a  half-horae  power  gas  engine,  with  lllustratlonl     U 
of  the  work  In  actual  progrESB.  *.ogeV\iei  -wVCiv  toT&wi^.'sMiA.  ■«<«^*r     l| 
wings,   giving    clearly    XUe    aMea  q^   ft^a   ~™^'^'^%„  vt^ 
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RBSAOABT,    JR.      Bleetrleal    Biiglncer»»    mmA    Btmdmtta^    Ckart   ud 
Hand  B<iok  of  the  Bnudi  Are  ttimkt  STWtem. 

Illustrated.  Bound  in  cloth,  with  celluloid  ohart  in  pocket 
11.00. 

SliOANB.     BleetrleItT  SimpUfled. 

This  work  is  the  simplest  ever  published  on  the  subject  of 
electricity,  and  does  something:  not  hitherto  -accomplished.  ESlec- 
tricity  is  in  many  respects  unexplained. t»y  the  scientist; 'to  the 
ordinary  man  it  is  all  a  mystery.  The  object  of  "Blectricity 
Simplified"  is  to  make  the  subject  as  'plattt;  as  possible,  and  to 
show  what  the  modern  conception  of  electricity  is;  to  show  how 
two  plates  of  different  metals  immersed  in  acid  can  send  a  mes- 
sagre  around  the  grlobe;  to  explain  how  a  bundle  of  copper  wire 
rotated  by  a  steam  engrine  can  be  the  agrent  in  ligrhtingr  our  streets; 
to  tell  what  the  volt,  ohm,  and  ampere  are,  and  what  higrh  and 
low  tension  mean;  and  to  answer  the  questions  that  perpetually 
arise  in  the  mind  in  this  agre  of  electricity.  The  theories  of  con- 
tact' action,  of  lines  of  force,  magnetic  permeability,  correlation 
and  conservation  of  energies,  and  the  most  modern  aspects  of 
the  science  are  griven  so  that  the  work  is  a  true  presentation  of 
the  most  advanced  views  of  science  upon  the  grreat  development 
of  the  day.  By  illustration  of  original  desigrn  and  scope,  and  by 
mechanical  analogries,  the  subject  is  made  exceedingrly  simple. 
172  pases.     Illustrated.     Twelfth  edition.     11.00. 

SliOANBS.     How  to  Become  a  Suceeasfiil  SUeetrielaa* 

It  is  the  ambition  of  thousands  of  young:  and  old  to  become 
electrical  engrineers.  Not  everyone  is  prepared  to  spend  several 
thousand  dollars  upon  a  collegre  course,  even  if  the  three  or  four 
years  requisite  are  at  their  disposal.  It  is  possible  to  become  an 
electrical  engrineer  without  this  sacrifice,  and  this  work  is  de- 
signed to  tell  "How  to  Become  a  Successful  Electrician"  withoat 
the  outlay  usually  spent  in  acquiring  the  profession.  Twelfth  edi- 
tion.    202  pages.     Illustrated.     Cloth.     $1.00. 

SLOANE:.     Arithmetic  of  Electricity. 

A  practical  treatise  on  electrical  calculations  of  all  kinds, 
reduced  to  a  series  of  rules,  all  of  the  simplest  forms,  and  involv- 
ing only  ordinary  arithmetic;  each  rule  illustrated  by  one  or  more 
practical  problems,  with  detailed  solution  of  each  one.  Sixteenth 
edition.     Illustrated.     162  pages.     Cloth.     $1.00. 

SLOATVB.     Blectrlelan's  Handy  Book. 

This  book  supplies  a  distinct  want  in  the  realm  of  electrical 
literature.  It  is  designed  to  cover  the  field  of  practical  engineer- 
ing, yet  to  include  nothing  unnecessary  for  the  every  day  worker 
in  electricity  to  know.  Its  pages  are'  not  encumbered  with  any 
useless  theory — everything  in  it  is  to  the  point  and  can  be 
readily  understood  by  the  non-technical  man,  and  at  the  same 
time  the  educated  engineer  will  receive  great  benefit  from  Its 
perusal.  It  is  a  modern  book  of  reference,  a  compendium  of  use- 
ful data.  It  gives  the  clue  to  the  operation  of  electrical  sys- 
tems of  to-day  leaving  out  the  old  and  useless  matter  which 
has  encumbered  many  text  books,  yet  not  omitting  hints  from 
the  past  which  have  a  meaning  in  the  present.  The  latest  and 
best  authority  on  all  branches  of  applied  electricity.  Pocketbook 
size.  Handsomely  bound  in  leather,  with  title  and  edges  in  gold. 
800  pages.     500  illustrations.     Price,  $3.50. 

SLOANES,  Rubber  Hand  Stampn  aiiA  tVe  ^wiAwa^)»lV«ii  ^^  ^f&bber. 
A  practical  treatise  on  lYi*^.  tnaTv^\lac^v^xT^  ol  ^\\  VAx.^^  ^\  x>cM^« 

'"ticea.     146  pages,     gecond  eeLVUon.    C\oX\v.    >^.^^. 
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SLiOANE.     ESlectrIc   Toy  Maklngr,   Dynamo  Bulldlngr,  and   Blectrlc 
Motor  Construction. 

This  work  treats  of  the  making:  at  home  of  electrical  toys, 
electrical  apparatus,  motors,  dynamos,  and  instruments  in  gren- 
eral,  and  is  designed  to  bring:  within  the  reach  of  youngr  and  old 
the  manufacture  of  grenuine  and  useful  electrical  appliances.  Fif- 
teenth edition.  Fully  illustrated.  183  pagres.  Cloth.  $1.00. 
SLOANEj.     Lilqnld  Air  and  the  Liquefaction  of  Gaaes. 

Containing:   the    full   theory   of    the   subject    and   givingr    the 
entire  history  of  liquefaction  of  grases  from  the  earliest  times  to 
the  present.     365  pagres,  with  many  illustrations.     Second  edition. 
$2.50. 
SLOANE2.     Standard  Blectrlcal  Dictionary. 

A  practical   handbook   of  ^reference,   containing:  definitions   of 
about  5,000  distinct  words,  terms  and  phrases.     An   entirely  new 
edition,  brought  up  to  date  and  greatly  enlarged.     Complete,  con- 
cise, convenient.     682  pages.     393  illustrations.     $3.00. 
IISHESR.     The  Modem  Machinist. 

A  practical  treatise  embracing  the  most  approved  methods  of 
modern  machine-shop  practice,  and  the  applications  of  recent 
improved  appliances,  tools  and  devices  for  facilitating,  duplicat- 
ing and  expediting  the  construction  of  machines  and  their  pa^ts. 
A  new  bdok  from  cover  to  cover,  mfth  edition.  257  engravings. 
322  pages.  Cloth.  $2.50. 
VAN    DISRVOORT.     American  Lathe  Practice. 

A  new  book  from  cover  to  cover.  It  is  strictly  up-to-date  in 
its  descriptions  and  illustrations,  which  represent  the  very  latest 
practice  in  lathe  and  boring-mill  operations  as  well  as  the  con- 
struction of  and  latest  developments  in  the  manufacture  of  these 
important  classes  of  machine  tools.  A  large  amount  of  space  is 
devoted  to  the  turret  lathe,  its  modifications  and  importance  as  a 
manufacturing  tool.     320  pages.     200  illustrations.     $2.00. 

VAN  DEUiVOORT.     Modem  Machine  Shop  Tools)  Their  Constroe- 
tlon,  Op'^ratlon  and  Manipulation. 

This  is  a  book  of  reference  that  will  be  found  convenient 
in  every  machine  shop.  Suppose  it  is  desired  to  know  how  to 
cut  bevel  gears,  to  calculate  milling  machine  spirals  or  to  make 
countershaft  calculations;  or  to  get  information  about  tap  drill 
sizes,  the  classification  of  files;  change  gear  calculations;  deep 
hole  drilling;  turning  tapers;  testing  lathes,  etc.;  or  any  one 
of  the  numerous  questions  that  a  little  information  might  be  de- 
sired upon  occasionally — these  pages  will  be  found  to  contain 
the  satisfactory  answer.  The  book  will  also  prove  a  boon  to 
students  In  manual  training,  as  by  studying  its  pages  and  apply- 
ing its  principles  to  the  school  shop,  they  will  be  able  to  acquire 
a  good  knowledge  of  shop  practice.  The  book  has  numerous 
tables,  and  In  addition  to  the  chapters  strictly  on  tools  are 
several  on  fastenings,  gearing,  belting,  shafting,  and  the  treat- 
ment of  steel.     552  pages  and  673  illustrations.     $4.00. 

IVAIiLIS  -  TAYL.OR.      Pocket     Book     of     Refrigeration     and     Ice 
Making:. 

This  explains  the  properties  and  refrigerating  effect  of  the 
different  fluids  in  use,  the  management  of  refrigerating  machinery 
and  the  construction  and  insulation  of  cold  rooms  with  their  re- 
quired pipe  surface  for  different  degrees  of  cold;  freezing  mix- 
tures and  non-freezing  brines,  temperatures  of  cold  rooms  for  all 
kinds  of  provisions,  cold  storage  charges  for  all  classes  of  goods, 
ice  making  and  storage  of  ice,  data  and  memoranda  for  constant 
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reference  by  refrlgrerating  engrineers,  with  nearly  one  hundred 
tables  containingr  valuable  references  to  every  fact  and  condition 
required  in  the  installment  and  operation  of  a  refrlererating 
plant.     Price,  $1.60. 

WOODWORTH.      American     Tool     Makingr     and     Iteterchanseable 
Mannfacturingr. 

A  complete  treatise  on  the  Art  of  American  Tool  Making^  and 
System  of  Interchangeable  Manufacturing  as  carried  on  to-day  in 
the  United  States.  In  it  are  described  and  illustrated  all  of  the 
different  types  and  classes  of  small  tools,  fixtures,  devices  and 
special  appliances  which  are  in  general  use  in  all  machine  manu- 
facturing and  metal  working  establishments  where  economy,  ca- 
pacity and  interchangeability  in  the  production  of  machined 
metal  parts  are  imperative.  500  pages.  600  illustrations.  Price, 
$4.00. 

WOODWORTH.     Dies,  Their  Conatractlon  and  Use  for  the  Modem 
Working  of  Sheet  Metals. 

A  practical  work  on  the  designing,  constructing  and  use  of 
tools,  fixtures  and  devices,  together  with  the  manner  in  which 
they  should  be  used  in  the  power  press  for  the  cheap  and  rapid 
production  of  sheet  metal  parts  and  articles.  Comprising  funda- 
mental designs  and  practical  points  by  which  sheet  metal  parts 
may  be  produced  at  the  minimum  of  cost  to  the  maximum  of  out- 
put, together  with  special  reference  to  the  hardening  and  tem- 
pering of  press  tools  and  to  the  classes  of  work  which  may  be 
produced  to  the  best  advantage  by  the  use  of  dies  in  the  power 
press.     Fourth  edition.     400  pages.     500  illustrations.     $3.00. 

W^OODWORTH.      Hardenlnsr,   Tempering:,    Annealing:   and    Forslngr 
of  Steel. 

A  new  book  containing  special  directions  for  the  successful 
hardening  and  tempering  of  all  steel  tools.  Milling  cutters,  taps, 
thread  dies,  reamers,  both  solid  and  shell,  hollow  mills,  punches 
and  dies,  and  all  kinds  of  sheet-metal  working  tools,  shear 
blades,  saws,  fine  cutlery,  and  metal-cutting  tools  of  all  descrip- 
tions, as  well  as  for  all  implements  of  steel,  both  large  and  small, 
the  simplest  and  most  satisfactory  hardening  and  tempering  pro- 
cesses are  presented.  The  uses  to  which  the  leading  brands  of 
steel  may  be  adapted  are  concisely  presented,  and  their  treatment 
for  working  under  different  conditions  explained,  as  are  also  the 
special  methods  for  the  hardening  and  tempering  of  special 
brands.     320  pages.     250  illustrations.     $2.50. 

W^RIGHT.     ISlcctrIc  Furnaces  and  Their  Industrial  Applications. 

Contains  285  pages,  and  57  illustrations,  which  are  essentially 
in  the  nature  of  sectional  diagrams,  representing  principles  of 
construction.  This  is  a  timely  and  practical  treatise  on  the  forms 
and  uses  of  electric  furnaces  in  modern  electro-chemical  pro- 
cesses.    Price,  $3.00. 


